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Chapter-1 
Introduction to Reinforced Concrete 


1.1 Theory Analysis: 


Q-1. Define reinforced cement concrete? What are the advantages and disadvantages of 
reinforced concrete? 

Ans: Reinforced cement concrete: The concrete has a high compressive strength and a 
very low tensile strength wherein the steel reinforcement provides the tensile strength 
lacking in the concrete. This working combination of concrete and steel is known as the 
reinforced cement concrete (R.C.C). 

Advantages of reinforced concrete: 

(i) Reinforced concrete structures are very rigid. 

(ii) It has a relatively high compressive strength. 

(iii) It has better resistance to fire than steel. 

(iv) It has a long service life with low maintenance cost. 

(v) It is the most economical structural material for dam, piers, footings & floor slabs. 
Disadvantages of reinforced concrete: 

(i) It has a low tensile strength of about one-tenth of its compressive strength. 

(ii) It has a low compressive strength as compared to steel. 

(iii) The low strength per unit of weight of concrete leads to heavy & large members. 

(iv) The placing & curing of concrete is not carefully controlled as of other materials. 

(v) Crack develops in concrete due to shrinkage & creep. 


Q-2. What are the different types of load introduced on concrete structures? 
Ans: There are different types of load that is introduced on concrete structures such as- 
(i) Dead load 
(ii) Live load 
(ii1) Environmental load 
(a) Snow load 
(b) Wind load 
(c) Earthquake load 


- Discuss the fundamental assumptions (propositions) for the reinforced concrete 
behavior. [CE-2014, 2013; BECM-2019, 2018, 2017] 
Ans: The fundamental assumptions for reinforced concrete behavior are as follows: 
(i) The internal forces (SF, BM, and Stress) at any section of a member are in equilibrium 
with the effects of the external loads at the section. 
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(ii) The strain in reinforcing bar is same as the surrounding concrete (€, = €,). 

(iii) Cross section remains plane after & before loading in the member. 

(iv) The tensile strength of concrete is only a small fraction of its compressive strength. So 
it is assumed that concrete is not capable of resisting any tensile stress. 


(v) The theory is based on the actual stress-strain relationship and strength properties of 
the two constituent materials. 


- Describe the scope of using high strength concrete. [CE-2015] 
Ans: High strength concrete refers to concrete having uniaxial compressive strength in the 
range of about 8,000 to 20,000 psi or higher. 

The scope of using high strength concrete are described below: 
(i) Columns of tall concrete building 

(ii) Offshore oil structures 

(iii) Parking garages 

(iv) Dam spillways 

(v) Bridge deck overlays 

(vi) Warehouse 

(vii) Heavy industrial slab 

Advantages of using high strength concrete: 

(i) It saves valuable floor space. 

(ii) It helps in choosing the limited small concrete sections. 
(iii) It has more shear capacity than normal concrete. 

(iii) It provides good safety and serviceability. 


Q-5. Why steel is widely used as a reinforcing material in reinforced concrete? 
Ans: Steel is widely used in reinforced concrete because: 

(i) It possesses high tensile strength & elasticity. 

(ii) Its strength is sufficient both for tension and compression. 

(iii) It develops perfect bonding with concrete. 

(iv) Its thermal expansion coefficient is nearly to that of concrete. 

(v) It is durable and easy to cut & bent. 

(vi) It reduces X-sectional dimensions of compression members. 

(vii) It provides relatively large chemical adhesion. 


Q-6. Why deformed bar instead of plain bar is suggested in RCC structures? 
Ans: The reasons are described below:- 

(i) Increasing resistance to slip between reinforcement bar and concrete. 

(ii) Ensuring sufficiently strong bond between steel bar and concrete. 
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(iii) Providing a high degree of interlocking with between steel bars. 
(iv) Giving the closely spaced rib-shaped surface. 


I. Discuss the modulus of elasticity of concrete. 


Ans: The modulus of elasticity, E, is the slope of the initial straight portion of the stress- 
strain curve for the concrete. 


Concrete has no clear-cut modulus of elasticity. Its value varies with different concrete 


strengths, concrete age, type of loading, and the characteristics and proportions of the 
cement and aggregates. 


The modulus of elasticity, E, is given by the empirical equations as follows: 
(a) In FPS units, E, = 33w,'>f f.' 

For normal-weight concrete weighing 145~150 lb/ft?, E, = 57000¥ f,’ 
(b) In SI units, E, = 4730,/ Ff. 


Q-8. Discuss the design philosophy between steel and concrete from their stress-strain 
diagram. Also describe their consequences. 


Ans: Design philosophy between steel and concrete:- 


X Ultimate strength 


f 
fe Ultimate strength 
USD [tree ; 


Stress, f 


USD |------- T~ Yield strength 
; WSD }..----- 


wsb |--/ 


0.00207 0.002 0.003 


Strain, € 
Fig: Concrete stress-strain diagram 


Strain, € 
Fig: Steel bar stress-strain diagram 


From the concrete stress-strain diagram, it can be seen that curve consist of an initial 
relatively straight elastic portion up to 0.45f,'in which stress and strain are closely 
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proportional. Concretes reach their ultimate strength at strain of about 0.002. Concrete does 
not have a definite yield strength. The failure of concrete occurs at a strain of about:0.003 


(ACI 10.2.3). 


By the fundamental assumption of reinforced concrete, the yield strength of steel bar, fy is 
considered corresponding to the strain of 0.00207 that is nearly close to strain of 0.002 of 
concrete. So, ultimate strength of concrete f,' and yield strength (not ultimate strength) of 
steel bar, f, are applied in ultimate strength design (USD) method. Hence workin g strength 
f- for concrete and f; for reinforcing steel bar are applied in working stress design (WSD) 
method. Anyway the stress condition for both the steel and concrete follow Hook’s law, 
f «<€ in WSD metod. 

Consequences of design philosophies:- 

(i) In USD method, load is factored increasingly so it is needed less materials. 

(i) In WSD method, strength of materials is considered lower value so it is needed more 
materials and cost may be high. 

(iii) ACI used the WSD method about till 20 years ago. 

(iv) But BNBC uses both the WSD and USD method still now. 


Q-9. Discuss the methods of design of RCC structures. 
Ans: There are three available methods of design of RCC structures:- 


1. Working stress method: This method is also known as modular ratio or elastic method. 
In this method, the actual values of forces & moments acting on a structure are considered 
but the stresses in concrete & steel bar are restricted to only a fraction of their true strengths 
by a factor of safety of 0.45 in concrete and 0.40 in steel. 


2. Limit state method: This method is also known as plastic method. In this method, the 
structure is designed to withstand safely all loads liable to act on it throughout its life. It 
should also satisfy the serviceability requirements such as prevention of excessive 
deflection, excessive cracking and excessive vibrations. The acceptable limit for the safety 
and serviceability requirements before failure occurs is called limit state. 


3. Ultimate strength method: This method is also known as load factor method. In this 
method of design, the true margin of safety is accurately known. The ultimate strength 
procedure is based upon the results obtained from the experimental investigations depicting 
the true behavior of the structures. 


Introduction to Reinforced Concrete 


Q-10. Distinguish between WSD and USD method. 
Ans: The differences between WSD and USD method are given below: 


i) Consider at comparatively low stress, 
hence the stress & strain have a linear 
relationship. 

ii) DL & LL are not multiplied by 
increasing factor. 


i) Consider at comparatively high stress, 
hence the stress & strain have no linear 
relationship. 


ii) DL & LL are multiplied by some 
increasing factor. 

ili) Strength reduction factor (~) is not iii) Strength reduction factor (@) is used. 
used. 
iv) Maximum concrete stresses is up to iv) Ultimate strength of concrete is 
elastic limit. considered. . 
v) Actual test strength of the two materials | v) Modular ratio (n) is used in the design 
are used in the design of members. of members. 


vi) Stability of structure is less than USD. | vi) Stability of structure is more than 
USD. 


vii) High cost design method. | vii) Low cost design method 


1.2. Basic Concepts: 


1. Modulus of Elasticity of concrete (£,): 
(a) In FPS units, E. = 33w,?°/f.’ (psi) 
For normal-weight concrete weighing w, = 145~150 lb/ft3, 


or, E,=57000 }f.’ (psi) 
(b) In SI units, E, = 4730/f, (MPa) 


2. Modulus of Elasticity of steel (E,): 
(a) In FPS units, E, = 29 x 10° psi 
(b) In SI units, EF, = 200 GPa = 2 x 10° MPa 


3. Modular Ratio (7): 


E 
Modular Ratio, n = 2 


Cc 
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1.3. Problem Solution: 


Pb-1. If a concrete weighing 140 lb/ft? and having concrete stress 3500 psi, what is the 
modulus of elasticity of the concrete? 


Sol": 
We know, the modulus of elasticity of the concrete is, 


E, = 33w,** le = 33 x (140)15¥3500 = 3.234 x 10° psi 


Pb-2. For a normal-weight concrete having a stress of 4000 psi, compute the modulus of 
elasticity of the concrete? 


Sol": 
We know, the modulus of elasticity of the concrete is, 


E, = 57000 lf! = 57000V4000 = 3.605 x 10° psi 


Pb-3. The concrete stress of a normal-weight concrete is of 35 MPa. What is the modulus 
of elasticity of the concrete? 


Sol": 
We know, the modulus of elasticity of the concrete is, 


E, = 4730 Ir. = 4730V35 = 27.98 x 107 MPa 


Pb-4. If a concrete having stress of 3500 psi and the modulus of elasticity of the concrete 
is of 3.5 x 10° psi, calculate the weighing of concrete. 


Sol": 
We know, the modulus of elasticity of the concrete is, 


E. = 33w,*” fe 


= 3.5 x 10° = 33w,2°V¥3500 
=> w,!5 = 1792.75 
Wel® = 148 lb/ft? 
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Pb-5. If the concrete stress of a normal-weight concrete is of 4000 psi and modulus of 
elasticity of steel is of 29 x 10° psi, what is the modular ratio? 


Here, E, = 57000 | fe 


We know, the modular ratio is, 


Es 29x10 _ 
~ E.  57000¥4000 


Sol": 


8.04 ~ 8 


Pb-6. The concrete stress of a normal-weight concrete is of 30 MPa and the modulus of 
elasticity of steel is of 200 GPa. Calculate the modular ratio? 


Here, E, = 4730 If 


Sol": 


We know, the modular ratio is, 


nig 
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Chapter-2 
Analysis & Design of Beams 


2.1. Theory Analysis: 


Q-1. Define beam. What are the functions of beam in structure? 

Ans: Beam: A beam is a structural horizontal member that carries only the vertical loads 
as well as which is capable of resisting the bending moment. 

The functions of beam in structure are as follows: 

i) It can carry the vertical gravitational forces. 

ii) It can be used to carry horizontal loads like as earthquake or wind load. 

lil) The loads carried by the beam are transferred to columns, walls or girders. 


-2. Discuss the behavior of reinforced concrete beam under increasing load. 
[CE-2019, 2014] 
Ans: The behavior of reinforced concrete beam under increasing load is described below: 
i) Stresses elastic and section uncracked: Initially the tensile stress in the concrete 
is smaller than the modulus of rupture, so that no tension cracks develop. The entire 
concrete is effective in resisting stress in compression on one side and in tensile on the 
other side of the neutral axis. 


— Sc fe 


A, 
Fig: Stresses elastic and section uncracked 


ii) Stresses elastic and section cracked: When the load is more increased, the 
tensile strength of concrete is soon reached yield limit and at this situation tension cracks 
develop. In a cracked section, the concrete does not transmit any tensile stresses and the 
steel is called upon to resist the entire tensile stress. 


Fig: Stresses elastic and section cracked 
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iii) Stresses inelastic and section cracked: When the load is still more increased, 
stresses and strains rise corresponding and are no longer proportional. It causes a invariable 
shape as like as parabolic, trapezoidal or otherwise. 


[4 


Fig: Stresses inelastic and section cracked 


“3. Derive the expression for calculating nominal moment at which the beam will fail. 
[CE-2018] 
or, Derive the flexural design equation for a singly reinforced beam by USD method. 
[CE-2015] 
Ans: The maximum moment can be calculated from the laws of equilibrium and from the 
assumption that plane cross section remains plane. 


to. ZL 


If the plane section of beam is in equilibrium, then 
C=T 
=> af. be= Af, 


_ Asfs _ pbafs 
OS Ofb afb [-. As = pbd] 


d 
a= aa [At failure, f, = fy] 
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Moment, M = Tz = Agfg(d — BC) corsiscsccnsscsrecesvenes (1) 


M = Cz = af bc(d — Bc)...... cece ec eececeeees (2) 


From eqn. (1), Nominal Moment, 


My = Asf(d— 6 +222) 


afe 

B phy B 0.425 
M,, = pbd d\ji—-—x—]; = =—— = 0.59 
a Sa a (3 a” fp!) = 0.72 
Mo = 2 fy 
“My, = pfybd a ee 

Cc 

[Derived] 


Q-4. Derive the steel ratio formula for a beam under balanced condition. [CE-2015, 2013] 


Ans: For equivalent rectangular stress distribution we. get, 


pe 


a — 
2 ~Be 
C=atfich C=-+yfzab 
ec senguipasimiotte —— —_ 
T= Asfs T = Asfs 
Actual 


Equivatent 
Now, Concrete compression force at failure is, 

tf , c 
C=af,cb=yf, ab ly = «| 


>C=yf,'bB,c 
»C =0.85f,'bB,c 


[a = fic, from figure] 


[y = 0.85 for f.’ < 4000 psi | 
And, Steel tensile force, T = Asf, 
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From similar triangle, 


¢ _d-c¢ T 


_,&_d-6 iz 


Ey c 


Eyt+G, d—cte 
=> ——_ EE 


Ey +G,, 


Then from equilibrium condition, T = C 
> A,f, = 0.85f.'bBic 


> pyf,ybd = 0.85f.'bB, 


fe Eu 
fy Eut&y 


Ex F 
x ad [A, = phd; At failure, f, = f,] 


. Pp = 0.85 By 
[Derived] 


Q-5. What is Whitney’s stress block? Explain why is it used in ultimate strength design 
(USD) method? [Private University] 
Ans: Whitney’s stress block: Whitney replaced the actual curve stress block with an 


equivalent rectangular stress block of intensity 0.85 f-. from only f,’. This stress block is 


known as Whitney’s stress block. 
O.85f. 


Re 
__pl Br 


T=AJ, T=Aghy 


Fig: Actual and equivalent stress distributions at failure 
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Evidently, both the actual and equivalent stress distributions result in the same total 
compression force C applied at the same location as in the actual member when it is on the 
point of ultimate or failure. As well as the concrete is assumed to crush at a strain of about 
0.003 at the ultimate strength of f,’. So, Whitney’s stress block is used in ultimate strength 
design (USD) method. 


Q-6. What do you mean by under reinforced, over reinforced and balanced design? What 
type of design is preferable and why? [CE- 2014, 2013, 2012; BECM-2018, 2017, 2016] 
Ans: Under Reinforced Design: When the amount of steel provided is less than the 
amount of steel required for a balanced section, then the design is called under reinforced 
design. 

Over Reinforced Design: When the amount of steel provided is greater than the amount of 
steel required for a balanced section, then the design is called over reinforced design. 
Balanced Design: When the stress acting in concrete and that applied in steel section, they 
will attain permissible strain value simultaneously for a balanced section, then the design 
is called balanced design. 

Preferable design: Brittle materials does not warn before failure. Hence failure of ductile 
material is most preferable that is in case of reinforced concrete, failure of steel is 
preferable. On other words, under reinforced design is preferable. 


Q-7. What is singly & doubly reinforced beam? When doubly reinforced beam is used? 
[CE-2017; BECM-2017] 

Ans: Singly reinforced beam: As tensile strength of concrete is very low as compared to 
its compressive strength, so the beam which is longitudinally reinforced by the steel only 
in tension zone, it is known as singly reinforced beam. 

Doubly reinforced beam: When the moment capacity of a beam needs to be increased and 
beam cross-section is also limited, then the reinforcement is provided by the steel in both 
tension and compression zone of the beam, it is known as doubly reinforced beam. 
Doubly reinforced beam is used--- 

i) If the beam depth is restricted and it requires to increase the moment of resistance. 

ii) When the beam is continuous over several supports. 

iii) The member is subjected to the impact force. 

iv) The member is subjected to eccentric loading. 


Q-8. What are the advantages of using compression reinforcement in RC beams? 

[CE- 2018; BECM-2016] 

Ans; Generally reinforcement is provided in the tension zone in a singly reinforced beam. 
But in doubly reinforced beam, using extra amount of reinforcement as compression 
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reinforcement it increases the moment capacity as well as helps to restrict the RC beam. 
section in limit for architectural reasons. 


Q-9. Draw strain and equivalent stress distribution for T-beam with possible positions of 
neutral axis. [CE- 2019, 2018] 
Ans: The strain and equivalent stress distribution for T-beam is shown below:- 


Q-10. When a beam is considered as a T-beam? How can you calculate the effective flange 
width of a T-beam? [CE- 2015; BECM-2019| 

Ans: T-beam: When beams and slabs are monolithically cast; beam stirrups and bent bars 
extend up into the slab, a part of the slab will act with the upper part of the beam to resist 
longitudinal compression. The resulting beam cross section is T shaped and evidently 
called T beams. 


The effective flange width of a T-beam: 
1. For symmetric T beams: 


Effective flange width, 
i) 16h, + by 
t t 
b ii) — ;which is minimum 


iii) Centerline beam spacing 


2. For beams having a slab on one side only: 


Effective flange width, 
i) 12h + by 
.. Span length of the beam 
b= it) 12 ‘which is minimum 


Centerline beam spacin 
iii) alll dala dchasl Le) apeaside:) + 


2 by 
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Q-11. What is True and False T-beam? [BECM-2019] 

Ans: True T-beam: When the neutral axis of a T-beam is in the web, it is called 
True/Real T-beam. Jt can be analyzed by the using of formula of T-beam design. 

False T-beam: When the depth of neutral axis is less than or equal to the flange thickness 
hy of a T-beam, it is called False T-beam. 

It can be analyzed by the using of formula of singly reinforced beam design. 


| Dy 


Fig: False T-beam Fig: True T-beam 


Q-12. What is meant by effective flange width? Why effective flange width is considered 
instead of full flange width in design of T-beam? [CE-2011] 

Ans: Effective flange width: The flange width which may be smaller than the actual flange 
width but is considered to be uniformly stressed at the maximum value, is called effective 
flange width. 

If the flange is little wider than the stem width, the entire flange can be considered effective 
in resisting compression. Elements of the flange midway between the beam stems are less 
highly stressed in longitudinal compression than those of elements directly over the stem. 
For these reasons, effective flange width is considered instead of full flange width in design 
of T-beam. 


Q-13. What is the advantage of using T-beam? [CE- 2016] 

Ans: The advantages of using T-beam are as follows: 

i) It is built with the slab and beam monolithically cast. 

i1) It makes the construction work comparatively economical. 

iii) It keeps the beam section smaller by making the slab as a compression resistance to 
reduce dead load. 
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Basic Questions: 


Q-14. Define transformed, cracked and uncracked section. 
Ans: Transformed section: The section in which the actual area of the steel (A,) is 


replaced with an equivalent concrete area equal to nA, located at the level of steel is called 
transformed section. Here, n = modular ratio. 


Cracked section: The section in which reinforced-concrete members are under service 
conditions and in the tension zone is known as cracked section. 


Uncracked section: The section in which the tensile stress in the concrete is smaller than 


the ultimate tensile strength of the concrete and there will be no cracking occurring is 
known as uncracked section. 


Q-15. What is singly reinforced section and doubly reinforced section? 
Ans: Singly reinforced section: The section in which steel reinforcements are provided 
only on tension zone of RC flexural member is known as singly reinforced section. 


Doubly reinforced section: The section in which steel reinforcements are provided on both 


tension and compression zone of RC flexural member is known as doubly reinforced 
section. 


Q-16. Define clear cover and effective cover. 


Ans: Clear cover: The distance between the bottom of the bars and the most bottom edge 
(concrete face) of the beam is called clear cover (cc). 


Effective cover: The distance between the center of the reinforcement bar and the most 
bottom edge (concrete face) of the beam is called effective cover (ec). 


Bar diameter 


Ef fective cover = clear cover + 5 


Clear cover’ Effective cover 
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2.2. Basic Concepts: 
1. Total depth of beam: 


Support condition Total depth, h 


Simply supported LoL 


42 16 
Both ends continuous 
1 
*L 


= span length of a beam (in.) 


. 


Thumb rule: Total depth of beam in inch is equal to the span of beam in feet. -. h (in.) = L (ft) 


Beam depth (in.) = Span length (ft.) 
Beam width = 50-60% of Beam depth. 


2. The value of factor Bj: 


Concrete strength, f,' 


For f," up to 4000 psi B, = 0.85 


i< f.’ < 8000 psi *_ 4000 
For 4000 psi< fC psi 8, = 0.85 — 0.08% —* 


For f,’ > 8000 psi 6, = 0.65 


3. T — beam introduction: 


b = Flange width 

by = Web width 

hy = Height of flange 
d = Effective depth 


ob oa 
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4. Singly Reinforced Beam — Outline: 


| 
| Total Steel required against 
| ‘ Concrete compressive stress 


5. Doubly Reinforced Beam — Outline: 


0.85/" 


<a C= 0.85f'ab 


a 
d 5) 


Total comp. steel 
d + 


_ z 
} 
| 

- d—d 
j 

As) | t As2 | 
8 j re) I 

L. 


wamud 


Total tensile steel = Steel required against + Steel required against 


Concrete comp. stress steel comp. stress 
ees mei, i ioc ny eee arc oe in a mc 
oo ee, ] { — tre —d')= _y i! 
My = My + Mag | =| May = Asif (d-$) 1+ | Mn Asha) = Asafa a) | 
bee ee a ee an eae OL lien meee eee Se a a ee eae 3 
6. T - Beam — Outline: 
b_ Pe bw 
b = effective width bw 2 25,2 2 


Total tensile steel = Steel required against + Steel required against 
Web concrete comp. stress Flange concrete comp. stress 


Analysis & Design of Beams 


7. Tensile strain (€,) in analysis and design of beams: 


€,, = 0.003 €,, = 0.003 €, = 0.003 
c 
dr 
€& = 0.005 €, = 0.004 €; = 0.002 
(a) Tension-controlled (b) Minimum net (c) Compression-controlled 
member tensile strain member 


Figure: Strain diagram of steel and concrete 


i) For analysis of beam: 
When a beam is to be analysed it is difficult to find the tensile strain of steel (€,). So, it is 


considered the minimum net tensile strain, €,= 0.004. 


ii) For design of beam: 

When a beam is to be designed it must be provided the fully tension-controlled member so 
that it can be ensured. desired flexural strength. So, it is considered the tension-controlled 
member strain, €,= 0.005. 


So, it should be always remembered: 


Beam Problem | Tensile Strain (€,) 


19°. 3 
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2.3. Solution Techniques: 


2.3.1 Singly Reinforced Beam - 


WSD 
Step-1. Design constants: 


Step-2. Moment: 
If steel controls, M = A,f,jd 


If concrete controls, M = > f-kjbd? 


USD 
Step-1. Steel ratio: 


Pha 


fo ©u _ 
Pmax = 0-858, — f Gate » €,= 0.004 


p : vf 
min — fe. - = a 
Step-2. 


__Ashy 
0.85f,'b 


Step-3. Moment: 


M,, = Asf, (d - =) 


a 


= pfybd? (1 - 0.59p fs) 


Step-4. g check: 


a d-—c 


 @ = 0.483 + 83.3 €, 


Step-5. Design Moment (Max.): 
M, = PM, 


2.3.2. Singly Reinforced Beam - 


WSD 
Step-1. Trial dimension 


Step-2. Load & Moment 
Step-3. Design constants: 


Step-4. Depth check: 


i 
M == f.kjbd? 


2Mmax 
fckjb 


Here, b = 10",12" & so — as wish 


s d+eq, — 


Step-5. Steel calculation: 
A= M 
°  fsjd 
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USD 
Step-1. Trial dimension 
Step-2. Load & Moment 


Step-3. Steel ratio: 


E 
= 0; asp,‘ ——; €,= 0.005 


Ey, tEz 
aVfe ., 200 
Pmin — ty = he 


Pmax 7 Pmin (ok) 


Pmax can be used. 


Step-4. Depth check: 


M, = gpf,ba? € — 0. 59%) 


Step-5. Steel calculation: 


My 
= 
fy (4-5) 
Asfy 
O85fb 
| “s Ag — J 


200% 
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2.3.3. Doubly RC Beam - 


WSD USD 
Step-]. Design constants: Step-1. Check doubly/singly: 
n,7r,k &j A, , As. 
Step-2. Check doubly/singly: bd bd 
fe Eu 
Here, A, = given = -€.= 
g Pmax = 0.858; = fy E, te,’ E-= 0.004 
= 5 fk bd?  P > Pmax } $0 doubly beam is required. 
M, = Ag, fojd Step-2. Check comp. steel yield/not: 
A,,=V feo @ _& fy 
$4 Pey = 0.85~1 a “E—€, ——+p'; &y= E. 


A, > As,;sodoublyRC beam i 
. na y ° Pp > Pcy Comp. steel yield 


required. 
Step-3. Moment: “fs =fy 
M,= Vv (in tension zone/bottom) Step-3. Moment: 
, (A, — As Df, 
» A,, =A, —A era RA A 
=_ = 085 f. Bb 
7 d’ ih ; 
“fs = 2fs Foy My, = As'fy(d — d") + (As — As’), (4-5) 
M, =A,’ f,'(d — a’); (in comp. zone ) Step-4. @ check: 
Mz = A;,f,(d — a’); [excess moment ees _d—-c , 
in tension zone] A” " “e ™ 
* M, = — smaller » @ = 0.483 + 83.3 E; 


«. Moment capacity, M = M, + M2 
Step-5. Design moment: 


M, = pM, 


2.3.4 Doubly Reinforced Beam - 


WSD 
Step-1. Load 
Step-2. Moment, M 
Step-3. Design constants: 
n,7,k &j 
Step-4. Check doubly/singly: 
d=h-4" 
M, = > f-kjbd? 
*M>M,;sodoublyRC beam 
required. 
Step-5,. Extra moment: 
M,z=M-M, 
Step-6. Stee] calculation: 


Tensile zone (bottom): 


ye 
“1 f,jd 
M2 = Ag, fs(d _ d’) 
M2 


A,, = ————— 
°2  f,j(d — d’) 
“. Total steel, A, = As, +A 
Compression zone (top): 


$2 


P k—d'/d 
e =2f.——____ 
oe Is 
“fs > fp; use fi. 
t M2 


ACE 
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USD 
Step-1. Load: 1.2DL + 1.6LL 
Step-2. Moment, M 
Step-3. Check doubly/singly: 
d=h-4" 


f 
= 
fe _Su_ ; €,= 0.005 


Pmax — ae ce i E+E; 


ve As, = Pmaxbd 
a Aahy 
0.85 f.'b 


Mn, = Asyfy (d - =) 
My = pM, 


* M > M,, ; so doubly RC beam required. 


Step-4. Extra moment: 


M 
My, = Q a Mn, 
Step-5. Steel calculation: 
a = 2.5" 
Compression steel: 


a ,c—d’ 
c=—;} — = 


By c Ee; i = €,’ BE, 


Mn, = As f; (d — d') 
a ae 
\ atl / ' 
fs (d-d) 
Tensile steel: 


A, = A,, + a, Es 
fy 


Step-6. Check for moment: 


ty Ey 
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2.3.5 T - Beam - 


WSD USD 
Step-1. Flange width: Step-1. Flange width: 
b= . b= 
=F =— 
b=16t+b, b= 16h, + by 


b = c/c beam spacing 
« b= minimum 
Step-2. Design constants: 


b = c/c beam spacing 
« b= minimum 


E Step-2. Check T-beam/not: 
= = Here, A, = given 
c _ Asfy 
pees 0.85f,'b 
ne ~ a > hy; T-beam is required. 
Lfty 
np +5\5 
k= ne +3(a) Step-3. Moment: 
np +4 _ 0.85f, (b — by hg 
6—6(t) +2(t)'+ (4) . fy 
_6-6(4) +2) +) Gy) ' 
ia oa ©) -- My, flange) = Asrf, | d a 
(A; = As) fy 
Step-3. Check T-beam/not: = ———— 


0.85 f.' by 
. a 
* Mn,(web) = (As — Ass) fy (a 7 3) 
” My = M,, aa Mn, 


kd >t;T — beam is needed 


Step-4. Moment: 


M= A,f,jd 
, shs) _ Step-4. @ check: 
M = fe( — ona) PY ne ees, 
Step-5. Check f¢: By c 
f M - @ = 0.483 + 83.3 & 
oc t 
(1 ~ aka) btjd Step-5. Design moment: 


M, = 9M, 
Flange thickness = t = hy 


2.3.6 T - Beam - 


WSD 


Step-1. Flange width: 
L 
b=- 
4 


b=16t+b, 
b = c/c beam spacing 
--b = minimum 
Step-2. Moment 


Step-3. Trial steel area: 
tL 
M=Af(4—5) 
M 


A, = ———- 
t 
5(4-3) 
Step-4. Design constants: 


Step-5. Check T-beam/not: 
“kd >t; T —beamis needed 


Step-6. Steel calculation: 


A= M 
*  fsjd 
Step-7. Check f,: 
M 
: = 
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USD 


Step-1. Flange width: 
L 
oa 
j= 16h, + D,, 
b = c/c beam spacing 
» b= minimum 
Step-2. Moment 


Step-3. Trial steel area: 
My 


A 
Phy (a — =a) 
Step-4, Check T-beam/not: 
— Asfy 
0.85f.'b 
“a > hy ; T-beam is required. 
Step-5. Individual Moment: 
M, = given V 
0.85 f.'(b — by hy 


h 
“+ M,, (flange) = Agr fy, (« - %) 


Mi, = pM, 
“Muy = My - My, 


A, = 


Step-6. Steel calculation: 


M 
As, = (As — Asp) = ——-t2-_- — 


~ @ = 0.483 + 83.3 E, 


eee 
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2.4. Problem Solution: 


2.4.1 Singly Reinforced Beam: Analysis - 


Pb-1. A rectangular beam has a width of 12 in. and an effective depth to the centroid of the 
reinforcement bar is 17.5 in. It is reinforced with three No. 8 bars in one row. If material 
strengths are f,’ = 4000 psi and f, = 60,000 psi, what is the maximum working 
moment that can be resisted? [CE-2019(sim), 2018; BECM-2019(sim)] 


Sol": 
1. Design constants: 
E, 29 x 10° 
n=— = ——— _ = 8.04 
E- 57000 x 74000 
fs 24 . f ’ 
===—=1333; [f, =O04f, =24ksi,f, = 0.45f,' = 1.8 ksi] 
fe 18 
alae = 0.375 
n+tr 8413.33 — 
a 4 0.375 _ on a7e 
ah a - 
2. Moment: 


If steel controls, M = A,f,jd = 3 X 0.79 x 24 X 0.875 x 17.5 = 871 k — in, 


If concrete controls, 
1 
M = 5 fekjbd? = 5 x 1.8 x 0.375 x 0.875 x 12 x (17.5)? = 1085 k — in, 


oe Mmgy = 871 k — in. 
(Answer) 
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2.4.2 Singly Reinforced Beam: Analysis - 


Pb-2. A rectangular beam has width of 12 in. and effective depth 17.5 in. It is reinforced 
with four No. 9 bars in one row. If f,' = 4000 psi and f, = 60,000 psi, what is the 
nominal flexural strength and what is the maximum moment that can be utilized in design? 


Sol": 
1. Steel ratio: 
_ As _ 4x 1.0 = 0.019 
Phd laxi7s Ot 
fo & 4 0.003 
= 0.858, —. = _. __ = 02,0206 
Prax By fy Eut& D> eGo 60° 0.003 + 0.004 


3 f 
3vfe_. 200 _ 3x V4000 _ 200 _ 5.9032 = 0.0033 ~ 0.0033 


_= >= —_ > 
a. 60000 ~ 60000 


* Pmax can be used 


_ Asfy — 4x10 60 
0.85f.'b 0.85x3x12 


3. Moment: 
If steel controls, 


= 5.88” 


a 5.88 
“~My = Asf, (d -5) =4x1.0x60x (17.5 --=) = 3494 k —in. 


If concrete controls, M, = pf,bd? (a ~ 0.59p zr) 


0 
-. M,, = 0.0206 x 60 x 12 x (17.5)? x (1 — 0.59 x 0.0206 x=) = 3714k —in. 


.. Nominal moment, M, = 3494k —in. 


Cu= “E92 
=. @ = 0.483 + 83.3 &,= 0.483 + 83.3 x 0.0046 = 0.87 


5. Design Moment: 
-. Maximum moment, M, = pM, = 0.87 X 3494 = 3040 k — in. (Ans. ) 


oy 5 poe 
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2.4.3 Singly Reinforced Beam: Design - 


Pb-3. A simply supported beam with a span of 18 ft supports a uniform live load of 975 
lb/ft and the dead load of a wall weighing 380 Ib/ft in addition to its own weight with f," = 
3000 psi and f, = 20,000 psi. Determine the required steel area. [BECM-2018 (sim) ] 
Sol": 

1. Trial dimension: 


Assume, Total depth = 18” [Let, Beam depth (in.) = Span length (ft)] 
Beam width = 10” 


2. Load & Moment: 


18x10 


i) Self-weight = —— x 150 = 187.5 pif 
ii) Live load = 975 pif 
iii) Dead load = 30 plf 
Total load, w = 1542.5 plf 
-» Moment, 
wl? 1542.5 x (18)? 
M = = = 62.47 k — ft = 749.64 k — 

3. Design constants: 

E, 29x 10° soe 
n= 

E, 57000V3000 

_fs 20000 1484 

"Ff  045x3000 °- 
k =—— = 0378 

nt+r 


f= 1 : = 0.874 
l= ail 
4. Depth check: 


1 | 
M = 5 fckjbd? 


2M 2 x 749.64 
~d i ae a Wx 49" 
nee f-kjb  J0.45x3X0378 x 0.87410 a ae 


Total depth, h = 194+ 2.5 = 21.5" ~ 22" 
.. Effective depth, d = 22 -—2.5=195” 
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5. Steel calculation: 2 - #3 bars 
M 749.64 — 
As= Fa =30x0874x195 779 
f.jd 20 x 0. . A 
Provide 3 - #8 bars with A, = 2.37 in? 
ey i 
es eee 
3 - #8 bars 


2.4.4 Singly Reinforced Beam: Design - 


Pb-4. A singly reinforced beam rectangular beam is to be designed to carry a service live 
load of 1300 Ib/ft. in addition to its own weight, on a 26 ft. simple span. With = 
3000 psi and f, = 60,000 psi, determine the concrete dimensions and _ steel 
reinforcement bars. [CE-2018] 


Sol": 

I. Trial dimension: 

Assume, Total depth = 26” [Let, Beam depth (in.) = Span length (ft)] 
Beam width = 12” 


2. Load & Moment: 


i) Self-weight = —— x 150 x 1.2 = 390 pif 
ii) Live load = 1300 x 1.6 = 2080 pif 


Total load, w = 2470 plf = 2.47 k/ft 


-- Moment, 
wl? _ 247 xX (26)? 


Saar 8 


= 208.715 k — ft = 2505 k — in. 


3. Steel ratio: 


feo Ey 4 0.003 
= 0.858, —.—— = 0.85 x 0.85 x — x ——______ = 
cam Ps fy Eut & 60 <0.003+0005 70481 


neo 
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_3 fe’ 200 _ 3 x ¥4000 _ 


Pmin pF =F 60000 ~ 60000 


Pmax > Pmin (ok) 
Pmax can be used. 


4, Depth check: 


M,, = ypf,bd? € — 0.59p fs) 
Cc 


= 0.0032 = 0.0033 = 0.0033 


60 
= 2505 = 0.90 x 0.0181 x 60 x 12 x d? (1- 0.59 x 0.0181 x =) 


* req, = 15.95 = 16" 


. dorovided = 26 — 2.5 = 23.5in.> dreg. 


5. Steel calculation: 
My, 
As = — Fa 
~fy (a — 5) 
2505 
s=-_-_—_—— er 
0.90 x 60 x (23.5 -5 
As fy 


pee | 


0.85 x 4x12 
«A, = 2.11 in? 
Provide 3 - #8 bars with A, = 2.37 in? 


(ok) 


5) Sos 


3 - #8 bars 
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2.4.5 Doubly Reinforced Beam: Analysis - 


Pb-5. A rectangular beam has a width of 12 in. and an effective depth to the centroid of the 
tensile reinforcement of 18 in. The tensile reinforcement consists of four No. 10 bars. 
Compressive reinforcement is provided by three No. 8 bars, the centroid of which is 2.5 in. 
from the compression face of the beam. If 60,000 psi yield steel is used at a working 
stress f, = 24,000 psi and 4000 psi concrete is used at an allowable stress of f, = 
1800 psi, what is the allowable working moment that the beam can resist? 


Sol?: 
1, Design constants: 
= Es a 29 x 10° = 80428 Compression Steel 
E, 57000xV¥4000 | 
= Js = = = 13.33 
ff. 18 
k= — pe 0.375 
“ntr 8+1333 °° 
=| ey eel Haze 
(=1=2 = 3 = 0. 
2. Check doubly/singly: Tensile Stee! 


Here, A, = 4* 1.27 = 5.08 in? 


1 1 
 M, = 5 fckjbd* = 2 xX 1.8 x 0.375 x 0.875 x 12 X 18* = 1148.18 k — in. 
Again, M,= A,,f.jd 


A; > As,; so doubly RC beam is required. 


3. Moment: 


M, =1148.18k-—in. (intension zone/bottom) 
“ As, = As — As, = 5.08 — 3.04 = 2.04 in* 


2.5 
er add Ge Or | On COE 
fe th Tk T0375 — 1813 Psi 


=> M, = (3 * 0.79) x 18.13 x (18 — 2.5) 
“ Mz = 666.12 k —in. (in comp. zone/top) 
Again, Mz = A, f,(d —d’) 
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. Mz = 2.04 x 24 x (18 — 2.5) = 758.88 k—in. [excess moment in tension zone] 


+ My = 666.12 k — in. 


-. Moment capacity, M = M, + M,1148.18 + 666.12 = 1814 k — in. 


2.4.6 Doubly Reinforced Beam: Analysis - 


(Ans. ) 


Pb-6. A rectangular beam has a width of 12 in. and an effective depth to the centroid of the 
tensile reinforcement of 24 in. The tensile reinforcement consists of six No. 10 bars in two. 
rows. Compression reinforcement consisting of two No. 8 bars is placed 2.5 in. from the 
compression face of the beam. If f, = 60,000 psi and f,’ = 5000 psi, what is the design 


moment capacity of the beam? 


Sol": 
1. Check doubly/singly: 
Tensile steel rati a Oded 0.0265 
e t — ee eee 

iad oP Fd 12x24 

Compression steel rati ras 2 +079 0.0055 
ons = — = ———_—- = 0. 
ompressi eel ratio, p bd 12 CoA 
= 0.858 feu = 0.85 x 0.80 x : va 0.0243 
Se ee. 60” 0.003 + 0.004. 
* P > Pmax ; SO doubly beam is required. 
2. Check comp. steel yield/not: 
- fod’ & 
Prey = 0.858; 2 “d €,—€, 
- 5 25 0.003 fy 60000 

Pay Se A O8OR So, Gaps o00n0T Jey= B= £0000 
“ Poy = 0.0245 


" Pp > Pcy ; comp. steel yield 


= 0.00207| 


6B, = 0.80 [See Basic Concepts-2.2(2)] 
~ fy = f, 


3. Moment: 
(A, —A,')fy (6 * 1.27 — 2 * 0.79) x 60° 
a 7 oe 


 0.85f.'b 0.85 x5x12 iene 


! F ' a 
Mn = As'fy(d — a’) + (A, ~ As')f, (d - 5) 
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7.11 
> M,, = 1.58 x 60 x (24 — 2.5) + (7.62 — 1.58) x 60 x (24- =) 

*. My, = 9450 k — in 

4. gp check: 

_a_ 711 ego! 

“=3, 080 — 

E ee oon ewes 

a Cc uu 8.89 . — . 

«go = 0.90 


5. Design moment: 
M,, = 9M, = 0.90 x 9450 = 8505k—in. (Ans.) 


2.4.7 Doubly Reinforced Beam: Design - 


Pb-7. A rectangular beam is limited by architectural considerations to a width of 13 in. and 

a total depth of 24 in. It must resist a total working moment. of 2530 k-in. If f§ = 

20,000 psi & f.' = 4000 psi, what reinforcement is required for flexural design? 
[BECM-2017] 

Sol: 

1. Load: [Direct moment is given] 

2. Moment, M = 2530 k-in. 

3. Design constants: 


6 
Bs _ _ 2910" inna x 
E, 57000 x ¥4000 
fs 
= *=—_=11.11 
"fe 18 
ares oa gaie 
n+r 841111 — 
k 0.418 
j=i-p=1-—.— = 02861 


4. Check doubly/singly: 
d=h—4" =24—4= 20” 


1 5 | 
M,= 5 fekiba’ =x 1.8 x 0.418 x 0.861 x 13 x (20)? = 1684 k — 
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« M > M,;s0 doubly RC beam is required. 


5. Extra moment: 
M, = M — M, = 2530 — 1684 = 846k — in. 


6. Steel calculation: 


Tensile zone (bottom): 


ye 1684 aeons 
“si £id 20x0.861x20..° 


Mz = A, f;(d — d’) 
M2 846 


OF a ee a le 
s2~ f(d—d') 20x (20-25) 
* Total steel, A, = A,, + Ay, = 4.89 + 2.42 = 7.31 in? 


Compression zone (top): 


= 2.42 in? 


2.5 
om — 2 ee prc 20 — . 
: fs tk ee eee VT = 20.14 psi 
“ eo > i ; use Fie 
' 2 846 
= 2.42 in? 


A. Se ee 
* ~~ f(d-d’) 20x (20—2.5) 


Use 6 - #10 bars in two rows in tensile zone. 
Use | - #8 & 2 - #9 bars in one row in compression zone. 


1- #8 bar 


2 - #9 bars 


24” - 


All 6 - #10 bars 
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2.4.8 Doubly Reinforced Beam: Design - 


Pb-8. A rectangular beam that must carry a service live load of 2.47 k/ft and a calculated 
dead load of 1.05 k/ft on an 18 ft simple span is limited in cross section for architectural 
reasons to 10 in. width and 20 in. total depth. If f, = 60,000 psi and f," = 4000 psi, 
what steel area must be provided? [BECM-2019(sim), 2018 (sim), 2017(sim)] 

Sol’: 

1. Load, w= 1.2DL4+1.6LL = 1.2 +1.054+1.6* 2.47 =5.21k/ft 


Z v4 
2. Moment, M = "— ="" °°" ~ 231k — ft = 2532k - in. 


3. Check doubly/singly: 
d=h-—-4" =20-—4= 16" 


fo Ex 4 0.003 

= 0.858, =. = 0.85 x 0.85 x — x —__—___ = 0.0181 
ne By fy Ey te, > X £9 * 9.003 + 0.005 
» As, = Pmaxbd = 0.0181 x 10 x 16 = 2.90 in? 

_Asfy __2.90x60 

0.85f,b 085xX4x10 ~ 

_ a 5.12) _ ; 
Mn, = As, fy (4 — 5) = 2.90 x 60 x (16 -*) = 2338 k — in. 


My = 9M, = 0.90 x 2338 = 2104 k — in. 
~ M > M,,;so0 doubly RC beam is required. 


4. Extra moment: 


M ZOS2 


Mn =~ Mm = 990 


— 2338 = 475k — in. 


5. Steel calculation: 
d’=2.5", d=16”" 


Compression steel: 


c—d’ 6.02 — 2.5 
= ——___— x 0,003 = 0.00175 
Cc Ec 6.02 : 


fi = &,' E, = 0.00175 x 29 x 10° = 50 ksi 
Myo = As fe! (d — a’) 
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M. 75 
* A, = ar cs TCE = 0.704 in? 
Is ( 7 ) 2 - #6 bars 
Use 2 - #6 bars with A, = 0.88 in? 
Tensile steel: 
A, = A,, +A fe 2.90 +0.704 x = 3.49 in? 
Ss S4 s f ° 60 30” 16 


Use 4 - #9 bars with A, = 4.0 in? 


So, use 2 - #6 bars in one row in compression zone 
And, use 4 - #9 bars in two rows in tensile zone. v 


6. Check for moment: 


ms 50 
A,, = As — As 7 = 4.0 — 0.88 x a 3.27 in? > 2.90 in? 


y 
As, fy 3.27 x 60 


4-#9 bars 


a= — "7 
0.85f.'b 0.85x4x10 ied 
a aT gigi 

“~B, 085.” 

ea at LE ee 
_ ¢ 6.79 7 


f; = €,' E, = 0.0019 x 29 x 10° = 55 ksi > 50 ksi 
So ¢ will be changed. 


x. dy = 16 + 1.25 = 17.25" 
d,—c_ _ 17.25—6.79 


f= &u= “679 


pg = 0.483 + 83.3 €,= 0.483 + 83.3 x 0.0046 = 0.87 


x 0.003 = 0.0046 


a raul : 
Now, Mn = Agsfy (d-s)+4s'f (d—d’) 


5.77 
=> M, = 3.27 x 60 x (16 7") + 0.88 x 55 x (16 — 2.5) 
x. My = 3227 k — in. 
+ My, = oM,, = 0.87 x 3227 = 2807 k—in > 2532k—in. (ok) 
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2.4.9 T - Beam: Analysis - 


Pb-9. A floor slab 4 in. thick is supported by reinforced concrete beams 9 ft c/c which, 
together with the slab, act as T-beams. The beams are simply supported and their span is 
18 ft. The cross-section of each beam below the slab is 10 in. x 20 in.; the reinforcement 
consists of six No. 8 bars in two rows, 2 in. c/c vertically, the center of the lower row being 
2.5 in. above the lower surface of the beam. If f, = 20,000 psi & f,’ = 2500 psi, what is 
the maximum allowable working moment of the beam? 


Sol: 
]. Flange width: 


pe ea 
ay tae n = 


b=16t+b, =16xX4+410 = 74" 
b =c/c beam spacing = 9 x 12 = 108” 


» b= 54" 
2. Design constants: 
_E,; 29x10 


E. 57000V2500 _ 


2 
i. Ole d =204+4—-25--=205" 
P=Fd 54x205 7 00e28 | ? 2 


_np+t 5 (5) _ 10 x 0.00428 ieee 


d/_ 022 = 0.256 
np+(>) 10 x 0.00428 + (5) 


2 3 2 3 
, 67 Sla) +2 (a) +(3) (gm) _6-6(aps) +2 (gas) + Gas) (oeoooexa 
~ ~ 4 
6-3(3) 6-3(55) 
2 j = 0.922 


3. Check T-beam/not: | 
kd = 0.256 x 20.5 = 5.25” > t(= 4"); T — beam is needed 
4, Moment: 


M = A,f.jd = (6 * 0.79) x 20 x 0.922 x 20.5 = 1792 k — in. 
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&M=f, (1 - 55) btjd | f.=0.45f' = 1125 psi 

2M = _~____*_ i) x 54x 4 x 0.922 x 20.5 = 2843 k — in. 
ae (3 2 x 0.256 X x8) 

“- Manowable = 1792 k — in. 

5. Check fC: 

te = zie = 709 psi 


(1 - 35) btjd (1 en x 54x 4x 0,922 x 20.5 


But, available f. = 1125 psi > 709 psi (ok). 


2.4.10 T - Beam: Analysis - 


Pb-10. The isolated T-beam is composed of a flange 28 in. wide and 6 in. deep cast 
monolithically with a web of 10 in. width that extends 24 in. below the bottom surface of 
the flange to produce a beam of 30 in. total depth. Tensile reinforcement consists of six 
No. 10 bars placed in two rows at 1 in. vertical spacing. The centroid of the bar group is 
26 in. from the top of the beam. If f,’ = 3000 psi and f, = 60,000 psi, what is the 
design moment capacity of the beam? [CE-2016] 
Sol": 
1. Flange width: 
Given, b = 28” 
2. Check T-beam/not: 
Here, A, =6*1,27 = 7.62 in? 
A. fy 7.62 x 60 

= — = so = 6.4" > he (= 6" 
°  085fb  0.85X 3x28 he) 
a > hy ; T-beam is required. 


3. Moment: 
0.85f,(b—by)hp 0.85 x 3 X (28-10) x6 
pen BES ica at 
fi, 60 


h 6 
“ My, flange) = Agr f, ¢ -+) = 4.59 x 60 x (26 = =) = 6334 k — in. 
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(As — Aap fy _ (7.62 ~ 4.59) x 60 


a = 7.13" 
a= ef 'b, 085x3x10. 


a 7.13 
1. Mpg web) = (4s — Ase )fy (d — 5) = (7.62 — 4.59) x 60 x (26 . =) = 4079 k — in. 


My = Mn, + Mnz = 6334 + 4079 = 10,413 k — in. 


4. p check: 

@ 7.13 _ a agi 
"Bp, 085 | 

eggs = a 00es 0.005 
= ¢ ggg ee eee 
* g = 0.90 


5. Design moment: 
M,, = 9M, = 0.90 x 10,413 = 9372 k — in. 


2.4.11 T - Beam: Design - 


Pb-11. A floor system consists of a 3 in. concrete slab supported by continuous T-beams 
of 24 ft. spans, 47” on centers. If b, = 11’ and d = 20", what tensile steel area is 
required at midspan to resist a working moment of 2500 k-in. if f, = 20,000 psi & f,' = 
3000 psi? 


Sol®: 
1. Flange width: 


b=16t+b, =16x3+4+11=59" 
b =c/c beam spacing = 47" 


oe b — 47" 
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2. Moment, M = 2500 k —in. 


3. Trial steel area: le 47” 


n= At(e-3) 
M 


4. Design constants: 
FE, 29x 108 


E. 57000V3000 — 
A, 6.76 


Pp bd 47x20 

2 2 2 

-_ np + 2(a) _ 9 x 0.0072 3 (=) ese: 
np + (3) np + (35) 


_§-6(9)+2(@) +@) (Ga) _6-6(8)+2(8) + (8) (ean) 


3) 3G) 
jf = 0.928 


= 0.0072 


5. Check T-beam/not: 
~ kd = 0.354 x 20 = 7.08” > t(= 3"); T — beamis needed 


6. Steel calculation: 
MoM | 2500 
a fjd 20x 0.928 x 20 
2 A, = 6.76 in? 
Use 3 - #10 bars & 3 - #9 bars in two rows. 


= 6.73 in? <A 


Strial 


7. Check f: 


2500 
f= a ae 
(1-575) btjd (1 — scp geascIp) X47 x 3 x 0.928 x 20 


But, available f, = 0.45f,' = 1350 psi > 709 psi (ok). 


2.4.12 T - Beam: Design - 
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Pb-12. A floor system consists of 3 in. concrete slab and supported by continuous T-beams 
with a 24 ft. span, 47” on centers of beams. If b, = 11" and d = 20", what tensile 
reinforcement is needed at midspan to resist a factored moment of 6400 k-in. if f, = 
60,000 psi & f,’ = 3000 psi? [CE-2014; BECM-2019(sim), 2018, 2017] 


Sol": 
1. Flange width: 


L 24x12 
b = -— = ———_ = 72" 


b = 16hy + by = 163411 =59” 
b =c/c beam spacing = 47" 
& b = 47" 


2. Moment, M,, = 6400 k — in. 


3. Trial steel area: 


4. Check T-beam/not: 


. As 6.41 x 60 


7 0.85f.b 085X347 
* a > hy ; T-beam is required. 


= 3.21” > hy 


5. Individual Moment: 
M,, = 6400 k —in. 


_ 0.85f,'(b— by)hp 0.85 x 3 x (47-11) x3 
a: nas 60 
hy 
“ My, (flange) = Ass fy (a - *) = 4.59 x 60 x (20 
M,, = 9M, = 0.90 x 5095 = 4585 k — in. 


“My, = My — My, = 6400 — 4585 = 1815 k — in. 
M,,, will be resisted by rectangular (web) section. 


6. Stee] calculation: 


= 4.59 in? 


3 
-5) = 5095 k — in. 
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—---—[1] 
Asa = (As — Asp) = ay aa) ~ 0,90 x 60 x (20 —$) 
(A.A) x60 oo 3 
- ~ 0853x111 2] 


As, = (As — Asp) = 1.88 in’ 
- As = Asp + As, = 4.59 + 1.88 = 6.47 in? > Ag, 


As = 6.47 in? 
Provide 3 - #10 bars & 3 - #9 bars in two rows. 
7. g check: 
_ (As — Asp) x 60 _ 188x60 | ange 
*"085X3xX11l  085x3xil >” 
_a _ 4. 02 49g 
“3B, 085 ~ 


d-—c 20 — 4.73 
€, = —— €,, = —— x 0.003 = 0.0097 > 0.005 


c 4.73 
“go = 0.90 (ok). 
4 a? 
[_¢—_—_—_—_—_________—-»| 


lr 


d = 20” 


3 - #9 bars 
3 - #10 bars 
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2.5. Additional Problems: 


Pb-13. A reinforced concrete beam was tested to failure and had a rectangular section with 
b= 14 in. and d= 18.5 in. At ultimate (failure) moment, the strain in the tension steel was 
recorded as 0.004106. The strain in the concrete at failure may be assumed to be 0.003. 
If f,' =3 ksiand fy = 60 ksi, 

(i) Check if the tension steel has yielded. 


(ii) Calculate the steel area provided in the section to develop the above strain. Then 
calculate the applied moment. 


(iii) Calculate the design moment strength of the beam section. [CE-2019, 2018] 
Sol®: 


(i) Yield strain, 
E a ge aoe 
YE, 29x10 * 
Measured strain, €,,= 0.004106 
“Ey > Ey; The tension steel has yielded. 


(ii) From the triangle of strain diagram we have, 


Cc 0.003 


ad 0.003 +0.004106 "442 


2 ¢ = 0.422 xd = 0.422 x 18.5 = 7.81” 
Again, a=f,c =0.85%x7.81 = 6.64" 


: : : 64x 14 
ee ee = 3.95 in? 
fy 60 
The section has 3 - #8 bars & 3 - #7 bars in two rows. 


Applied moment, 
a 6.64 . 
Mn = Asfy (d - 5) = 3.95 x 60 x (18.5 - | = 3598 k — in. 


(iii 


d, — 18.5 + 1) — 7.81 
es - _ 18.5 + 1) — 7.81 


- u 781 x 0.003 = 0.00449 
“. p = 0.483 + 83.3 €,= 0.483 + 83.3 x 0.00449 = 0.857 


M,, = 9M,, = 0.857 x 3598 = 3083 k — in. (Ans). 
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Pb-14. Singly Reinforced Beam (cantilever beam): Design — USD: A singly reinforced 
rectangular beam is to be designed to carry a service live load of 1.5 k/ft. in addition to its 
own weight on a 6 ft. cantilever beam. Assume, f,’ = 5000 psi and f, = 60000 psi. 
Determine the concrete dimensions and steel reinforcement bars. Also include a sketch of 
cross-section allowing for No. 3 stirrups. [CE-2019] 


Sol’: 
1. Trial dimension: 


For cantilever beam oe to ACI code, 
N.B: Mi i Si . Mu x a 
Assume, Total depth, h = = = nets = 9" 
Beam width, b = 9" 


2. Load & Moment, 
i) Self-weight = —— = x 150 x 1.2 = 101.25 pif 


li) Live load = 1500 x 1.6 = 2400 pif 
Total load, w = 2501.25 plf = 2.5k/ft 


-- Moment, for cantilever beam, 


2 2 
nace kak OY ye eT te 


3. Steel ratio: 


fo _ Eu = 0.85 x 0.80 x == x std 
Prax = 0.8581 Fe 60 * 0,003 + 0.005 — 0213 


V4000 200 
De _3Vfe . 200 _ 3x V4000 - _*"" ~ 9.0032 > 0.0033 
min = —F =F -=—“G9000 ~~ 60000 


ee c, = YU, 033 

Pmin 0.0 Tensile Reinforcement 
Pmax > Pmin (ok) 
Pmax can be used. 


4. Depth check: 
f, 
M,, = gpf,ba? (: - 0.59957 
c 
=> 540 = 0.90 x 0.0213 x 60 x 9 x a” (1 — 0.59 x 0.0213 x =) 


* dreg, = 7.84 = 8" 
* Uprovided = 9-25 = 6.5in.<dreg, (Not ok) 
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Revised, Total depth, h = 8+2.5=10.5 = 11” 
«. Effective depth, d = 11 — 2.5 = 8.5’ 


5. Steel calculation: In cantilever beam, negative moment occurs and tension 
M,, acts at top. So steel bar is provided in the top of the beam. 
9 (4-9) 
Ply 2 2 - #8 bars 


os =. 


A, = ————————— 
0.90 x 60 x (8.5 -5 


-_ Asfy - 


oP Sa ” 
A, X 60 8.5 
“= Qg5K5x5 


». A, = 1.34 in? 
Provide 2 - #8 bars with A, = 1.58 in? 


Pb-15. Singly Reinforced Beam: Design — USD: A simply supported rectangular beam 
carries a uniform service live load of 2.8 k/ft. and a dead load of 1.6 k/ft. in addition to its 
own weight on an 30 ft. simple span, also the beam supports a concentrated dead load of 
16 K and a concentrated live load of 7 K at the point, 10 ft. from the left support. If h= 
60 ksi and f,' = 4 ksi, what steel area must be provided? [BECM-201 9(similar) | 


Pi =7K w, = 1.6 k/ft 


Sol"; 

1. Trial dimension: 

Assume, Total depth = 30” [Let, Beam depth (in.) = Span length (ft)] 
Beam width = 20” 
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2. Load & Moment: 


i) Self-weight = 72° x 150 x 1.2 = 750 plf = 0.75 k/ft 


ii) Dead load =1.2x16=1.92k/ft 
iii) Live load =16xX28=448k/ft 


Total load, w = 7.15 k/ft 


Again, concentrated dead load = 1.2 x 16 = 19.2 K 
& concentrated live load = 1.6 x 7 = 11.2 K 


Ry=1275K Ry =117.4K 


SFD (K) 


-1174K 


BMD ({K-f) 


.. Maximum moment occurs at zero shear, 


Mmax = 963.85 k — ft = 11,566 k — in. 
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3. Steel ratio: 


fo _ €u = 0,85 x 0.85 x = x — 
Pmax = 0-89P1 Fee “~ 60 0.003 + 0.005 


3Vf 200 _ 3x V4000 200 
Pmin f, ~ fy 60000 + ~ 60000 


Pmax > Pmin (Ok) 
Pmax can be used. 


= 0.0181 


= 0.0032 = 0.0033 ~ 0.0033 


4. Depth check: 


My = ppfybd* (1 — 0.59p a 
c 


60 
=> 11,566 = 0.90 x 0.0181 x 60 x 20 x d? (1 — 0.59 x 0.0181 x =) 
* dreq, = 26.54 * 27" 
oe dnrovided = 30 -—2.5 = 27.5in.> dreg. (ok) 


5. Steel calculation: 
en hs OY 
vf, (d-5) 
A 11,566 
s = a 
0.90 x 60 X (27.5 -—s 
( 2) 2 - #3 bars 


fe 
0.85f.'b Por 


As x 60 — 
eee ne 
0.85 x 4 x 20 
7 a a J 
ve As = 9.12in 30” 
Provide 8 - #10 bars in two rows. 
Ene Gly aa’ .a6 


8 - #10 bars 
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Pb-16. T — Beam (False): Analysis — USD: A series of concrete beams spaced at 9 ft on 
centers are acting on a simply supported span of 18 ft. The beam supports a reinforced 
concrete floor slab 4 in. thick. If the width of the web is 10 in. and d = 18 in.; the beam is 
reinforced with three No. 9 bars. Determine the moment strength of a typical interior beam. 
Assume f,' = 4 ksi and f, = 60 ksi. [CE-2018] 


Sol": 
1, Flange width: 


b=16t+b, =16x4+11=74" 
b =c/c beam spacing = 9 x 12 = 108” 
b= 54" 


2. Check T-beam/not: 
Here, A,=3+*1.0=3 in? 


ae = 0.98" % hy(= 4” 
 0.85f'b 0.85x4x54 2 


a + hy; it is a false T-beam, so singly reinforced beam analysis is needed. 


3. Steel ratio: 


poe 0.0031 
P~td 54x18. 
i & 4 0.003 
= 0, =, = 0.85 x 0.85 x —,—_______=~9 
Pmax = 0.89P1'5 ee, = 9 600.003 + 0.004 ~ 7.0206 


_ 3Vf , 200 _3xV4000 200 
Pmin f= "f, 60000 ~ 60000 
* Pmax can be used 


4. a=0.98" 


= 0.0032 => 0.0033 = 0.0033 


5. Moment: 
If steel controls, 


a 0.98 
x M,, =A;fy (4-5) = 3x60 x (18 -—) = 3152 k —in. 
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6. @ check: 
PE 
B, 0.85 
d-—c 18 —1.15 
= —— €, = —————_ x 0.003 = 0.0 005 
€=—— &u= 95 44> 0.0 
“ @ = 0.90 


7. Design Moment: 
-. Maximum moment, M, = @M,, = 0.90 x 3152 = 2837 k — in. (Ans. ) 


Pb-17. T — Beam (False): Design — USD: A concrete floor system consists of parallel T- 
beams spaced at 10 ft on centers and spanning over 30 ft between supports. The 5 in. thick 
slab is casted monolithically with T-beam webs having width of 14 in. and total depth of 
28 in. In addition to its own weight, each T-beam must carry a superimposed dead load of 
50 psf and a service live load of 220 psf. Assume f,’ = 4 ksi and fy = 60 ksi. Determine 
the required tensile area with neat sketch using USD method. [CE-2019] 
Sol": 
1. Flange width: 

L 30x12 
b = — = ——— = 90” 

4 4 


b = 16hy + by =16X5+14 = 94" 

b = c/c beam spacing = 10 x 12 = 120” 
«b= 90" 

2. Load & Moment: 


eee x 150 x 1.2 = 1052.5 pif 


ii) Dead load = 1.2 x 50x 1' = 60 pif 
iii) Live load = 1.6 X 220 X 1’ = 352 nlf 
Total load, w = 1464.5 plf =1.5k/ft 


i) Self-weight = 
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”. Moment, 
2 2 
M =m =X 168.75 k — ft = 2025 k — in. 


3. Trial steel area: 
Here, d = 28 - 2.5 = 25.5” 


M 025 
Se 165 


h 5 
of, (a 2 4) 0.90 x 60 x (25.5 -5) 


4. Check T-beam/not: 


Asf, 1.63 x 60 


aaa ele pL Rn alae " 
085f'b 0.85x4x90 O82 * 4 


a hy; Itis a false T-beam, so singly reinforced beam design is needed. 


3. Steel ratio: 
fl: € 40.003 
= 0.85 = 0.85 x 0.85 x — x —___—___. = 0. 
Pee oe 60 *0,.003+0.005 0481 


_3V fe, 200 _ 3 x v4000 
Pmin =~ =F = “60000 _ > S500 


= 0.0032 = 0.0033 = 0.0033 


Pmax > Pmin (ok) 


Pmax can be used. 
4. Depth check: 


= ppfybd? (1 —0. sop) 


= 2025 = 0.90 x 0.0181 x 60 x 90 x d? (1 — 0.59 x 0.0181 x =) 


“+ dreg, = 5.24 = 6" 


* dprovided = 25.5 in. > deg. (ok) 
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5. Steel calculation: 


A = 
c--—7. way ; 
ole-9) — 
R008 ls SS 
Ag = orm 
* 0.90 x 60 x (255-5 
_ sly 
~ 0.85f.'b 
A, x 60 d= 25.5" 
“= Jgsxax50 
& Ay = 1.48 in? f, Lae 
Provide 2 - #8 bars with A, = 1.58 in?. k—>>| 


“You will not prosper until you spend what you love.” 


- Al Hadith 


“Whatever you give up for fear of Allah, 
Allah will surely give you something better than that.” 


- Al Hadith 


52. AHandbook of Reinforced Concrete Structures (Part-I) 


Pb-18. Doubly Reinforced Beam: Analysis (Load determination) — WSD: . 
A simply supported beam 10 x 22.5 in. in cross section has a span of 19 ft. The tensile 
reinforcement consists of four No. 8 bars. Compressive reinforcement is provided by three 
No. 7 bars, the centroid of which is 2.5 in. from the compression face of the beam. If fy = 
20,000 psi, f, = 1200 psi & n = 10, what uniform live load per feet can the beam sustain? 


Sol": 
1. Design constants: 
n=10 

Is 

= = =—_ = 1667 
i f. 12 16 
a eT 
“n+r 1041667. 
ge oe Oe 
a ae ae 


2. Check doubly/singly: 
Here, A; =4+*0.79=3.16in?, d=22.5—3.5 =19” 
1 1 
AM = a fckiba’ = 5 * 1.2 x 0.375 x 0.875 x 10 x 192 = 711k — in. 


Again, M, = Ag, frjd 


M, 711 - 
* As, = Fog = 20x 0.875 x 20 ~ 203 in 


A, > As,; so doubly RC beam is required. 


3. Moment: 
M,=711k-—in. (intension zone/bottom) 


2 Ag, = As — As, = 3.16 — 2.03 = 1.13 in? 


od T= 0375 ~ 1°58 pst 


M> => A,’ f,'(d = d’) 
=> Mz = (3 * 0.60) x 15.58 x (19 — 2.5) 
 M, = 463k —in. (in comp.zone/top) 
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Again, Mz =Asf;(4 — 4’) 


s. My = 1.13 x 20 x (19 — 2.5) = 373 k—in. [excess moment in tension zone] 


+ Mz = 373 k — in. 


.. Moment capacity, M = M, + M2 = 711+ 373 = 1084 k — in.= 90333 lb — ft. 


Self-weight of beam = _— x 150 


234 plf 
Live load =w, plf 


Total load, w = (234 + w,) plf 


wl? 
« Moment, M = > 
234 x 2 


=> (234 +w,) x (19)? = 90333 x8 
2. W, = 2002 — 234 = 1768 plf 


So, the beam can sustain uniform live load of 1768 lb/ft. or 1.77 k/ft. 


(Ans) 


ao 
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2.6. Practice Problems: 


Pb-19. Determine the concrete cross section and the steel area required for a simply 
supported rectangular beam with a span of 15 ft that is to carry a computed dead load of 
1.3 k/ft. including the self-weight and a service live load of 2 k/ft. Assume f,' = 
4 ksi and f, = 60 ksi. 

Hints: Singly Reinforced Beam: Design — USD (Ans: b = 10in.,h = 18 in. and A, = 
2.29 in?) 


Pb-20. A singly reinforced rectangular beam is to be designed, with effective depth 
approximately 1.5 times the width, to carry a service live load of 2000 Ib/ft in addition to 
its own weight, on a 24 ft simple span. With f.’ = 4000 psi and f, = 60000 psi, 
determine the required concrete dimensions b, d, h and steel reinforcing bars. 

Hints: Singly Reinforced Beam: Design — USD (Ans:b=12in.,d=18in.h = 
21in. and A, = 3.68 in”, may use 3 — #10 bars) 


Pb-21. A simply supported rectangular beam has a total cross section of 10 x 16 in. and a 
length of 20 ft. It is reinforced with four No. 5 bars in one row. The distance from the 
centers of the bars to the lower surface of the beam is 2.5 in. With 2500 psi concrete and 
an allowable stress of 20,000 psi in the steel, what is the resisting moment in the beam? 
Hints: Singly Reinforced Beam: Analysis — WSD 


Pb-22. Design a 15 ft cantilever beam of uniform depth to carry a uniform dead load of 1.5 
k/ft and a service live load of 2.4 k/ft. Assume a beam width b = 14 in, f,' = 
4ksiand f, = 60 ksi. 

Hints: Singly Reinforced Beam: Design — USD 


Pb-23. A rectangular concrete beam measures 12 in. wide and has an effective depth of 18 

in. Compression steel consisting of two No. 8 bars is located 2.5 in. from the compression 

face of the beam and tensile steel consisting of three No. 10 bars in one layer. If f.’ = 
~ 4000 psi and f,, = 60000 psi, what is the design moment capacity of the beam? 

Hints: Doubly Reinforced Beam: Analysis - USD (Ans:M,, = 3240k-— 

in. — approximately) 


Pb-24. A beam of 15 ft simple span carries a uniform live load of 600 plf and a concentrated 
load of 15,000 Ib located at 5 ft from the left support. It is limited in size to an overall cross 
section of 10x18 in. What reinforcement must be used if f, = 20,000 psi, f. = 
1800 psi & n = 8? Assume that the tension steel will be placed in one row. 

Hints: Doubly Reinforced Beam: Design — WSD 
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Pb-25. A beam is limited to the dimensions b = 15 in., d = 20 in. and d’ = 4 in. If Mp= 170 
ft-k and M,= 225 ft-k, select the reinforcing required. Assume f,' = 4 ksi and f, = 


60 ksi. 
Hints: Doubly Reinforced Beam: Design — USD (Ans: A, = 7.59 in?,A, = 3.14 in* — 
select bar) 


Pb-26. The floor system consists of 3 in. slabs supported by 14 ft span beams spaced at 10 
ft on centers. The beams have a web width of 14 in. and an effective depth of 18.5 in. 
Calculate the necessary reinforcement for a typical interior beam if the factored applied 
moment is 5080 k-in. Use f,' = 3 ksi and fy = 60 ksi. 

Hints: T - Beam: Design — USD (Ans: A, = 5.56 in”, may use 6 — #9 bars in two rows ) 


Pb-27. A series of concrete beams spaced at 7 ft on centers are acting on a simply supported 
span of 12 ft. The beam supports a reinforced concrete floor slab 3 in. thick. If the width 
of the web is 10 in. and d = 17 in.; the beam is reinforced with six No. 9 bars. Determine 
the moment strength of a typical interior beam. Assume f,’ = 3.5 ksi and fy = 60 ksi. 
Hints: T - Beam: Analysis — USD (Ans: M,, = 4950 k — in. — approximately) 


Pb-28. A floor slab 4 in. thick is supported by reinforced concrete beams 9 ft c/c which, 
together with the slab, act as T-beams. The beams are simply supported and their span is 
19 ft. The slab supports a live load of 150 psf. The cross-section of each beam below the 
slab is 10 in. x 20 in.; the reinforcement consists of six No. 7 bars in two rows, 2 in. c/c 
vertically, the center of the lower row being 2.5 in. above the lower surface of the beam. 
Assuming n= 10, determine f, and f.. 

Hints: T - Beam: Analysis (material strengths determination) — WSD 


ara 
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Chapter-3 
Design of Slabs 


_ sls sts eens! 


3.1. Theory Analysis: 


Q-1. Define one-way and two-way slab. What is the basic difference between them? What 
is the criteria for the two-way slab? [Basic is always important] 

Ans: One-way slab: A slab which is supported by two parallel beams either side of the 
slab and the load is distributed perpendicular to the beams in a single direction is known 
as one-way slab. 

Two-way slab: A slab which is supported by four beams around each sides of the slab and 
the load is distributed towards the beams in two directions is known as two-way slab. 


{iy 
tI 
is 
| @ 
j2 
. 


Fig: One-way slab Fig: Two-way slab 
Basic difference: The ratio of long span (J,) to short span (lg) is greater than or equal to 2 
in the one-way slab. 
Criteria for two-way slab: 
<2 
ii) It has supports around each sides of the slab. 


iii) Load is transferred in two direction perpendicularly. 
iv) Deflection occurs in both direction of the slab. 
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Q-2. Briefly describe the functional similarities between a one-way slab and a singly 
reinforced beam. [CE-20/8] 

Ans: The functional similarities between a one-way slab and a singly reinforced beam are 
described below: 

i) A one-way slab is assumed as a unit strip (12 in. wide) to be a rectangular beam. 

ii) The thickness of one-way slab depends on bending, the deflection, and shear 
reinforcements as like a singly reinforced beam. 

iii) Poisson’s ratio is assumed to be zero. 

iv) The load on the slab becomes the load per unit length on the slab strip like a beam. 

v) The deflection is always neglected as the assumed for a singly reinforced rectangular 
beam. 


vi) The flexure reinforcement of the slab is placed at right angles to its supporting edge 
beam as that is done in a rectangular beam. 


Q-3. Prove that for a two-way slab the ratio of load carried by the slab in the direction of 
short span to the direction of long span is inversely proportional to the fourth power of the 


ratio of the both spans length. 
Wa _ {lo . 

Or, Show that, —— = 2) 
Wp 


Ans: Let, for a two-way slab, 
Short span length = 1,, Long span length = 1, Pai Pe 
Uniform load = w, Flexural rigidity = EI a“ | 

Deflection of short & long strips = 6, & 6, 


The maximum deflection occurs at the 5 
midpoint is given by 
5wilt* 


7 384 El Simple supports 
on all four edges 
In a two-way slab, the deflections at the intersection midpoint must be the same. 

Thus, it is written that, 


ba = dp 


SWala* _ Swplp* 
384 EI 384E] 


> Wala* = Whly* 
[Proved] 
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Q-4. What are the key points should be followed for an inspection to observe the 
reinforcement placement of a slab before casting? [CE-2018] 

Ans: The key points should be followed for an inspection to observe the reinforcement 
placement are as follows: 

i) The reinforcement steel should be free from of any loose scale, mud or oil. 

ii) The main reinforcement is placed in long direction. 

iii) Distribution steel bar is placed orthogonally top of main bar in positive (+) moment 
region. 

iv) Distribution steel bar is placed orthogonally bottom of main bar in negative (-) moment 
region. 

v) The size & spacing of reinforcement should be observed as per drawing. 

vi) Proper cover to reinforcement should be provided to the slab bottom. 


Q-5. Why is it necessary to provide temperature and shrinkage reinforcement in one-way 
slab? [CE-2016, 2014; BECM-2019] 

or, Why two-way slab does not require additional temperature and shrinkage 
reinforcement? [CE-2017] 

Ans: In one-way slab, the reinforcement is provided for resisting the bending moments as 
well as to reduce shrinkage and distributing cracks. However, as contraction takes place 
equally in all directions, it is necessary to provide special reinforcement for shrinkage and 
temperature contraction in the direction perpendicular to the main reinforcement. This 
added steel is known as temperature and shrinkage reinforcement or distribution steel. 


Q-6. Why is the distribution steel bar placed over the main steel bar in the one-way slab 
design? 

Ans: The moment capacity of the steel bar is given by M = A, f,jd 

Thus, the moment capacity (M) « effective depth (d). 


dy d- 


Main steel bar 


Distribution steel bar 


Here, d, > d,andso M, > Mbp. If distribution bar is placed below the main bar, effective 
depth (d) is decreased and hence moment capacity of the main steel is also decreased. 

So, for the increasing the moment capacity of steel bar, the distribution steel bar placed 
over the main steel bar in the one-way slab design. 
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Q-7. What is corner reinforcement? Why and where is it needed? How is it placed and 
what in amount? [CE- 2019, 2015, 2014, 2013; BECM-2019, 2018, 2017] 

Ans: Corner reinforcement: The reinforcement which is provided to resist the torsional 
moment at the corner of two-way slab is known as the corner reinforcement. 

Causes of need: In two-way slabs, the twisting moment at exterior corner is developed and 
causes crack in the slab at the bottom along the panel diagonal and at the top perpendicular 
to the panel diagonal. 


Fig: Cracks at bottom Fig: Cracks at top 


Placement & amount: Special reinforcement should be provided at exterior comers in 
both the bottom and top of the slab, for a distance in each direction from the corner equal 


to =th of the longer span of the corner panel. The reinforcement at the top of the slab 
should be parallel to the diagonal from the corner and at the bottom should be 
perpendicular to the diagonal. 

According to ACI code, the option (2) is adopted practically for the easy placement of 
steel bar. 


A, both ways, top 
and bottom 


Option 1 Option 2 
lis the longer clear span 


3.2. Basic Concepts: 


1. Minimum thickness of one-way slab: 


Simply supported L 
poe 
30 


Both ends continuous L 
35 


*L = span length of a panel 
“In WSD 25, 30, 35 increasing by 5. 


I>}ale} Sle) s]> 


“In USD 20, 24, 28 increasing by 4. (Design is very easy) 


2 Reinforcement details in continuous one-way slab: 
. “As 


Note: Some of +As 4 
continues into supports. 


(a) Placement of bars 


(b) Moment diagram 
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3. Moment coefficients for one-way slab design: 


i) Slab is continuous over more than two spans: 


1 
Discontinuous end — —> 0 W 
1 1 
Spandrel 4 “ 
14 
Column —————— 


it) Slab is continuous over two spans only: 


Discontinuous end — —» 


Spandrel — — — — — > 


al-al+2|+ 
col 
co] 

al-al-2|+ 

allo 


9) 
ae 
24 
af. 
16 


Column — — ——-—— > 


@ Listing the moments when slab is built spandrel / monolithically / integrally. (in exam, VVI) 


Moment = coefficient * wL? 


we 
(first span) 10 9 
Ce a a 
(interior span) 11 
(first span) 14 14 
a 
(interior span) 16 

1 1 


At exterior support, M(-ve) 


“Then maximum moment is taken in depth calculation. 
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3.3. Solution Techniques: 


Design of one-way slab: 


WSD USD 


Step-1. Minimum thickness of'slab, trin Step-1. Minimum thickness of slab, tynin 


Step-2. Load calculation: a 
w=DL+LL + Floor finish Step-2. Load calculation: 
w= 1.2DL+ 1.6LL + 1.2 Floor finish 
Step-3. Moment calculation: ; 
Moment, M = coefficient * wL2 Step-3. Moment calculation: 
Moment, M = coefficient * wL? 


Step-4. Design constant: 


E, Step-4. Maximum Reinforcement ratio: 
n=— t 
Ec = 0.856, /-—""_; e,= 0.005 
_ fe Pmax . By a E, +e’ t > 
‘= a Step-5. Depth check: 
pa 2 fy 
a+r Minax = ppfybd*\1— ee 
c 
j=1= . Step-6. Steel calculation: 
M 
Step-5. Depth check: As = —— > _ I] 
; Mase " Ae -2) 
req. — Aigh: a= sIY 
fel) 0.85 fs ————2 
Step-6. Steel calculation: 
= M Step-7. Distribution steel: 
fsjd As(min) = 0.0018bt 


Step-7. Distribution steel: 
As(min) = 0.0018bt 


Step-8. Maximum spacing: 
i) Main reinforcement, S,,4, < 3t or 18" 


Step-8. Maximum spacing: ii) Dist. reinforcement, Singx < 5t or 18” 
i) Main reinforcement, Snax < 3t or 18” 

ut) Dist. reinforcement, Sinax < St or 18” Step-9. Reinforcement detailing: 
Step-9. Reinforcement detailing: Deane 


Neat sketch 
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3.4. Problem Solution: 


3.4.1 Design of one-way slab - 


Pb-1: A reinforced concrete slab is built integrally with its supports and consists of two 
equal spans each with a clear span of 15 ft. The working live load is 100 psf, and 4000 psi 
concrete is specified for use with a yield stress of 60,000 psi. Design the slab using WSD 


method. 


Sol": 
1. Minimum thickness of slab, 


= auicalies = 5.14 in. = 5.25 in. 


> — 
fin = 35 35 


2. Load calculation: 


i) Dead load = == x 150 = 66 psf 
ii) Live load = 100 psf 


iii) Floor finish = 30 psf 
Total load, w= 196 psf 


3. Moment calculation: 
At interior support, M(—ve) = =wi? = =* 196 * 15* = 4900 lb — ft 


: an ee Z — = 
At mid span, M(+ve) 7 wl* = 7 196 * 15* = 3150 lb — ft 
At exterior support, M(+ve) —wi? = = * 196 « 15* = 1838 lb — ft 
2. Mmax = 4900 lb — ft 


4. Design constant: 


Modular ratio,n = — = ———_——_ _= 


Stress ratio,r = Js = ated dake = 13.33 
ft 0.45 x 4000 


n 
k=— = 
a 0.375 


F=1 Pee 
J 37 875 
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5. Depth check: 


2M nace 2X 4900 
d = —_ — —<$<— <r 4.1 im. 
red: fokjb 1800 x 0.375 x 0.875 x 12 


Dia Dia * 
> dprovidea = 5.25 — cc — a (ce +—=1 ) 


0.5 
= §.25 - 0.75 ——— 
= 4.25 in.>dreg (ok) 


6. Steel calculation: 


_ mM 
frjd 


4900 x 12 


=: :70”0O81TEF OO QO. j y4 t 
24000 x 0.875 x 4.25 OOS 
Saae ‘ia _ 12x01 _s; 
pacing of ars = —yEe— = in. 
12 x 0.20 
Spacing of #4 bars = "ae 3.6 in. 


Provide #4 (12mm @) bars @ 3.5 in.c/c 


As 
At interior support, 


Ag 


At mid span, 
3150 x 12 


—~ 24000 x 0.875 X 4.25 


Provide #4 (12mm 9) bars @ 5.5 in.c/c 
At exterior support, 


As 


A, = 0.42 in?/ft 


_ 1838 x 12 
~ 24000 x 0.875 x 4.25 


Provide #4 (12mm ¢) bars @ 10 in.c/c 


= 0.24 in?/ft 


7. Distribution steel: 
As (min) = 0.0018bt = 0.0018 x 12 x 5.25 = 0.11 in? /ft 


Provide #3 (10mm ~) bars @12in.c/c, orthogonally to the direction of main 


reinforcement; at top of main steel in positive region and at bottom of main steel in negative 
region. 
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8. Maximum spacing: 
i) Main reinforcement, Sjrgx < 3t or 18" = 35.25 = 15.75" (ok) 


ii) Dist. reinforcement, Singx S 5t or 18" =5S * 5.25 = 26.25" = 18" (ok) 


9. Reinforcement detailing: 
Straight bar arrangement 


#4 bar @ 10” c/e #4 bar @ 3.5” c/c 


#4 bar @ 11” c/c #4 bar @ 11” c/c #3 bar @ 12” c/c 
(Discontinuous) (Continuous) 
Or, 
#4 bar @ 10” c/c #4 bar @ 3.5” c/c 


#4 bar @ 5.5” c/c alt ckd. #3 bar @ 12” c/c 
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3.4.2 Design of one-way slab - 


Pb-2: A reinforced concrete slab is built integrally with its supports and consists of two 
equal spans, each with a clear span of 15 ft. The service live load is 100 psf, and 4000 psi 
concrete is specified for use with a yield stress of 60,000 psi. Design the slab using USD 
method. [BECM-2019(sim) | 


Sol": 
1, Minimum thickness of slab, tyrin > == = = 6.43 in. = 6,50 in. 


2. Load calculation: 
i) Dead load = =" x 150 = 81.25 x 1.2 = 97.5 psf 
ii) Live load = 100 x 1.6 = 160 psf 
iii) Floor finish = 30 X 1.2 = 36 psf 
Total load, w = 293.5 psf 
3. Moment calculation: 


i) At interior support, M(—ve)= wl? = : + 293.5 * 15% =7.34k—ft 
ii) At mid span, M(+ve)— wl? = —* 293.5 * 15? = 4.72 k — ft 
iii) At exterior support, M(—ve) = — wl? = = * 293.5 * 15% =2.75k — ft 


~ Mya, = 7.34k — ft 
4, Maximum Reinforcement ratio, 


fe €x 
= 0.852, — 
Pmax ‘<7 E, +e, 
ua 0.003 
 Pmax = 0.85 X 0.85 X — X —————_— = 0.0181 


60 oer) 003 + 0.005 
5. Depth check: 


Mmax = ppf,bd? (1 —0. sop”) 


60 
=> 7.34 x 12 = 0,90 x 0.0181 x 60 x 12 x a? (1 — 0.59 x 0.0181 x —) 


“« dreg, = 2.99 in. 
% dprovidea = 6.5 —1 = 5.5 in. > dreq. (ok) 


6. Steel calculation: 


Aso y——4 


vf, (a-5 
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— Asfy [2] 


~ 0.85f.'b 
1) At interior support, M,, = 7.34k — ft 
» A, = 0,31in?/ft (by direct calculator) 
Provide #4 (12mm @) bars @ 7.5 in.c/c 
ii) At mid span, M,, = 4.72 k — ft 
As = 0.20 in*/ft 
Provide #4 (12mm ¢) bars @ 12 in.c/c 


or, by iteration, 


iii) At exterior support, M,, = 2.75 k — ft 
A, =0.11in?/ft 
Provide #4 (12mm ~) bars @ 21.8 18 in.c/c 


7. Distribution steel: 
Ascmin) = 0.0018bt = 0.0018 x 12 x 6.5 = 0.14 in?/ft 
Provide #4 (12mm ¢) bars @ 17 in.c/c 


8. Maximum spacing: 
1) Main reinforcement, Sing, < 3t or 18" = 3 x 6.5 = 19.5" = 18" (ok) 


ii) Dist. reinforcement, Sj,g, < 5t or 18” =5 x 6.5 = 32.5” = 18" (ok) 


9. Reinforcement detailing: 
Straight bar arrangement 


#4 bar @ 18” c/c #4 bar @ 7.5” c/c 


> ort fe 6” 


#4 bar @ 12” c/c alt ckd. #4 bar @ 17” c/c 
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Pb-3: A reinforced concrete one-way slab is continuous over three spans, each having a 
clear span length of 20 ft. The slab is built monolithically with the supporting beam having 
12 in. wide by 20 in. depth. Design the by strength design (USD) method and show 
reinforcement detailing. Use f,." = 3000 psi and f, = 60,000 psi. [CE-2019] 


Sol": 
__ 20x12 


1. Minimum thickness of slab, tmin > = = SM = 8.57 in. = 8.75 in. 


2. Load calculation: 


i) Dead load = => x 150 = 109.375 x 1.2 = 131.25 psf 


li) Live load = 100 x 1.6 = 160 psf (assume) 
iii) Floor finish = 30 x 1.2 = 36 psf (assume) 
Total load, w = 327.25 psf 
~ 3. Moment calculation: 
i) At interior support (first span), M(—ve) = —wl? = = * 327.25 * 207 =13.1k — ft 
ii) At interior support (interior span), M(—ve) = wh? = = + 327.25 * 207 =11.9k — ft 
iii) At mid span (first span), M(+-ve) = wl? = — * 327.25 + 20? = 9,35 k — ft 
iv) At mid span (interior span), M(+ve) = We? = s * 327.25 * 20* = 8.18 k — ft 


v) At exterior support, M(—ve) = — wi? = = * 327.25 «207 =5.45k-—ft 


» Mmax = 13.1k— ft 


4. Maximum Reinforcement ratio: 


fe & 
Pmax are 0.858, i E,+€, 
: = 0.85 0.85 x 2x vila = 0.0135 
pas — oe eee 60° 0.003+0.005. 


5. Depth check: 
\ ppfybd* € — 0.59p é,) 
c 


60 
= 13.1 x 12 = 0.90 x 0.0135 x 60 x 12 x dq? (1 — 0.59 x 0.0135 x — 
“. deg, = 4.62 in. . 


OO 
— 


Ag Anrovided — 8.75 = 1 = 7.75 in. = dreg, (ok) 
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6. Steel calculation: 


M 
As = my ——_—_ll 


fy (4-3) 
a= ashy _ [2] 
0.85f.'b 


i) At interior support (first span), M, = 13.1k — ft 
A, = 0.59 in? /ft (by direct calculator) 


Provide #4 (12mm @) bars @ 4 in.c/c 


ii) At interior support (interior span), M,, = 11.9k — ft 
A, = 0.53 in2/ft 
Provide #4 (12mm 9) bars @ 4.5 in.c/c 


iii) At mid span (first span), M,, = 9.35 k — ft 
- Ay = 0.41 in?/ft 
Provide #4 (12mm @) bars @ 5.5 in.c/c 
iv) At mid span (interior span), M,, = 8.18 k -- ft 
+ A, = 0.35 in? /ft 
Provide #4 (12mm @) bars @ 6.5 in.c/c 
iii) At exterior support, M, = 5.45 k — ft 
A, = 0.23 in*/ft 
Provide #4 (12mm @) bars @ 10 in.c/c 


7. Distribution steel: 
Asmin) = 0.0018bt = 0.0018 x 12 x 8.75 = 0.19 in?/ft 


Provide #4 (12mm 9) bars @ 12 in.c/c 


8. Maximum spacing: 
i) Main reinforcement, Sg, S 3t or 18" =3 X 8.75 = 26.25" = 18" (ok) 


ii) Dist. reinforcement, Sma, <= 5t or 18” = 5 X 8.75 = 43.75" = 18” (ok) 
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9, Reinforcement detailing: 
Straight bar arrangement 


it H4 a #4 bar @ 13” cfc 
#4 bar @ . cfc bar @ 4” cfc #4 bar @ 10” cfc 
7 or 6' = RB" Ly L3 be 
— les yaa ob 
a 


> ot 


6" L; = 20’ Ly = 20° L3 = 20’ >6" 


#4 bar @ 6.5” ofc alt ckd, #4 bar @ 5.5” efc 
#4 bar @ 12” c/c 


#4 bar @ 5.5" cfc alt ckd. 


Pb-4: A one-way slab is continuous over five equal spans, length of 15 ft. each. The slab 
has to carry a live load of 60 psf, floor finish of 30 psf and its own weight. Design the by 
USD method. Use f,’ = 3000 psi and f, = 60,000 psi. [CE-2018] 
Sol": 

L 15x12 


1. Minimum thickness of slab, tmin 2 tT i 6.43 in. = 6.50 in, 
2. Load calculation: 
i) Dead load = = x 150 = 81.25 x 1.2 = 97.5 psf 


ii) Live load = 60.x 1.6 = 96 psf 


iii) Floor finish = 30 x 1.2 = 36 psf 
Total load, w = 229.5 psf 
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3. Moment calculation: 
i) At interior support (first span), M(—ve) = —wi? = < * 229.5+15" =5.16k — ft 


ii) At interior support (interior span), M(—ve) = wi? = — + 229.5 *15* = 4.69k — ft 


iii) At mid span (first span), M(+ve) = —wl? = — * 229.5 * 152 = 3.69k — ft 
iv) At mid span (interior span), M(+ve) = —wi? = “ * 229.5 * 15% = 3.23 k — ft 


v) At exterior support, M(+ve) = — wh? — = * 229.5 #157 = 2.15k — ft 
*% Magy = 5.16 k — ft 


4. Maximum Reinforcement ratio, 
Pmax = ose, =e 
fy Eut€, 
0.003 
* Pmax = 0.85 x 0.85 x 60 x 0.003 4+ 0.005 


= 0.0135 


5. Depth check: 
Mmax = ppf, bd” (: — 0.599 5) 


c 
= 5.16 x 12 = 0.90 x 0.0135 x 60 x 12 x d? (1 — 0.59 x 0.0135 x =) 
dreg, = 2.90 in. 
“ Aprovidea =6.5—-1=5.5in.>dreg (0k) 


6, Steel calculation: 


a 
a = ey 
0.85f,'b 


i) At interior support (first span), M,, = 5.16 k — ft 
“ A, = 0.22 in?/ft (by direct calculator) 
Provide #4 (12mm 9) bars @ 10.5 in.c/c 


ii) At interior support (interior span), M,, = 4.69 k — ft 
A, = 0.196 in? /ft 
Provide #4 (12mm @) bars @ 12 in.c/c 
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iii) At mid span (first span), M,, = 3.69 k — ft 
- A, = 0.15 in?/ft 
Provide #4 (12mm @) bars @ 16 in.c/c 
iv) At mid span (interior span), M,, = 3.23 k — ft 
A, = 0.13 in?/ft 
Provide #4 (12mm @) bars @ 18 in.c/c 
iil) At exterior support, M, = 2.15 k — ft 
*. As = 0.088 in?/ ft 
Provide #4 (12mm ¢) bars @ 27 18 in.c/c 
7. Distribution steel: 
Astmin) = 0.0018bt = 0.0018 x42 x 6.5 = 0.14 in2/ft 
Provide #4 (12mm 9) bars @ 17 in.c/c 
8. Maximum spacing: 
i) Main reinforcement, Sng < 3t or 18" = 3 X6.5=19.5" ~ 18” (ok) 
ii) Dist. reinforcement, Sygx < 5t or 18" = 56.5 = 32.5" = 18" (ok) 
9. Reinforcement detailing: 
Straight bar arrangement 
#4 bar @ 18” cfc #4 bar @ 10.5” cfc #4 bar @ 12” cfc e 
by or 5’ Ly L2 ad Ls | 
3 ry a a 
3 3 ia 3 
> ot : . 
cae 
Ls a 
I 
! 
I 
: 
> 6" by = 15’ bz = 15’ £3 _ 75! 
#4 bar @ 16” c/c alt ckd. #4 bar @ 18” c/c alt ckd. #4 bar @ 18” c/c alt ckd. 


#4 bar @ 17” c/c 
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3.4.3 Design of two-way slab -|USD — ACI coefficient method 


Pb-5. Design of corner panel: A monolithic reinforced concrete slab consists of 
rectangular bays measuring 22x 24 ft. and width of the supporting beam is 16 in. The slab 
has to carry a live load of 100 psf in addition to its own weight. Design the corner panel of 
that slab system by ACI coefficient method and show reinforcement detailing. Use f,’ = 
4000 psi and f, = 60,000 psi. [CE-2019(sim); BECM-2019(sim), 2017] 


Sol*: 

Width of beam = 16 in. 

Clear short span, 1, = 22 —— = 20.67 ft 

Clear long span, I, = 24 —- — = 22.67 ft 

Minimum slab thickness, _ = ery AS Ss <i* = 5.78 in.= 6 in. 


2. Load calculation: 
i) Dead load = = x 150 = 75 x 1.2 = 90 psf 
li) Live load = 100 x 1.6 = 160 psf 

Total load, w = 250 psf 


lq 20,67 _ 


3. Panel ratio: m = To 0.91 
4 
4. Moment calculation: (corner panel has 2 continuous direction) |_ 
Ss 


i) Negative moment at continuous edge, 
Mac—ve) = Cac—ve) * W * lq” = 0.059 X 250 x 20.67? = 6302 lb — ft = 75,624 lb — 
Mo(—ve) = Coc—vey *W* ly = 0.041 X 250 X 22.677 = 5268 lb — ft = 63,216 lb — in. 


li) Positive moments, 
Ma(+ve)DL = Ca(+ve)DL * Wo "1a? = 0.0324 x 90 x 20.677 = 14,950 lb — 


Macsve)it = Ca(+ve)it * Wi * 1,” = 0.0382 X 160 x 20.672 = 31,336 lb — in. 
Macave) = 46,286 lb — 


My (+ve)DL = Cb(+ve)DL * Wp; * lL? = 0.0224 x 90 x 22.67" = 12,433 lb — 


May ceveyr = Coc+veyin * Wiz * ly” = 0.059 x 160 x 22.67? = 26,247 lb — 
Mpycave) = 38,680 Ib — 
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iii) Negative moment at discontinuous edges, 


1 a 
= gra of the corresponding positive moments 


1 
* Ma(—ve)ace = 3 X 46,286 = 15,429 lb — in. 


1 
* My(—-vejace = 3 xX 38,680 = 12,893 lb — in. 


I,/4 12,893 lb—in. 1,/4 


lL, /4 


_— _— ——, 
— = -— — oe =aew ee eee ee eee - _— 


ae (ar enn) Bees 


—15,429 lb —in. /—75,624 lb — in. 


l,/4 


= ot meee bee ew eee ee = 
esi area as ie Ras er eee at ae 


—63,216 lb —in., 


5. Steel calculation: 


M 
A, —*—_———fii 


fy (4-$) 
a= _Ashy 
0.8576 ————_4! 


Here, dproviaeag =t —cc =6—1=5Sin. 
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Location Moment Spacing 
(1b-in.) spacing 


Short direction 
-Middle strip 
--Mid span. #4 bar @ 12 in. c/c 
#4 bar @ 8 in. c/c 
#4 bar @ 12 in. c/c 


2t or 12 in. 


--Continuous edge 
--Disconts. edge 


Long direction 
-Middle strip 
--Mid span 
--Continuous edge 
--Disconts. edge 


#3 bar @ 8 in. c/c 
#3 bar @ 4 in. c/c 
#3 bar @ 12 in. c/c 


For column strip, moments are “ times of that of middle strip. So, spacing of the same bar 


would be = times of that of middle strip but should not exceed 12 in. 


6. Reinforcement detailing: 
1) Short direction: 


——— — ee eee ee = un 


eS ne ee 
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Legends: 
A = #4 bar @ 12 in. c/c alt ckd 
B = 2 - #4 extra top in bet" two ckd 
C= 1 - #4 extra top in bet" two ckd 


i) Long direction: 


t 
| 
I 

! 

| 

1 
4 
‘ 

' 

' 

I 

I 

I 


Legends: 
(2)=#3 bar @ 8 in. c/c alt ckd 


(2) = 3 - #3 extra top in bet" two ckd 
(3) = ] - #3 extra top in bet" two ckd 
(4) = #3 bar @ 12 in. c/c alt ckd 
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Pb-6. Design of interior panel: A reinforced concrete floor consists of rectangular bays 
measuring 21x 26 ft. c/c on supporting beams on all four sides. The floor has to carry 
standard live load for a classroom, appropriate floor finish and its own dead weight. Design 
a typical interior panel of the slab system by ACI coefficient method and show 
reinforcement detailing. Use f.’ = 4000 psi and f, = 60,000 psi. [CE-2018] 


Sol": 
Clear short span, 1, = 21 ft 
Clear long span, |, = 26 ft 


. . imet 2(21+26) x 12 : ‘ 
Minimum slab thickness, h = —— = eee = 6.27 in. = 6.50 in. 


2. Load calculation: 
i) Dead load = 22 x 150 = 81.25 x 1.2 = 97.5 psf 


12 
ii) Live load = 40 x 1.6 = 64 psf (for classroom) 
lit) Floor finish = 30 x 1.2 = 36 psf 


Total load, w = 197.5 psf 


: ij... 2 
3. Panel ratio: m = + = — = 0.81 
ly 26 tf fof 
7 
. . . . ° ° 4) 
4. Moment calculation: (interior panel has 4 continuous direction) 7 a 
SSA 


i) Negative moment at continuous edge, 
Mave) = Carve) * W * lq = 0.064 x 197.5 x 217 = 5574 lb — ft = 66,888 Lb — in. 
Myc-ve) = Coc—ve) * W * ly” = 0.028 x 197.5 x 267 = 3738 lb — ft = 44,856 lb — in. 


ii) Positive moments, 

Matsveypn = Ca+veyn * Wor * la” = 0.0256 x (97.5 + 36) x 212 = 18,086 lb — in. 

Macaveyun = Cacsveyun * Win * la” = 0.0402 x 64 x 217 = 13,615 lb — in. 
o < | '  Macsve) = 31,701 lb —in. 


Mp +ve)pt = Cyc4+-ve)DL * Wpz * i* = 0.0112 x (97.5 + 36) x 267 = 12,129 lb —in. 
Mycaveyin = Coc+veyen * Wir * lp” = 0.0174 x 64 x 26? = 9,034 lb — in. 
My (+e) = 21,163 lb —in. 


Design of Slabs 


l —44,856 lb — in. ! la 


» [S7 


— 66,888 lb — in. 
21,163 


~ 
oO 


+ —44,856 lb — in. 


5. Steel calculation: 


Here, dyroviaeg =  —cc = 6.50 -—1 = 5.50 in. 


—66,888 lb — in. 
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Location Moment Spacing Max. spacing 
(Ib-in.) 


Short direction 
-Middle strip 
#4 bar @ 12 in. c/ce 
#4 bar @ 8 in. c/c 


--Mid span 260r 12 in, 


--Continuous edge 


Long direction 
-Middle strip 

--Mid span 

--Continuous edge 


#3 bar @ 12 in. c/c 
#3 bar @ 8 in. c/c 


For column strip, moments are = times of that of middle strip. So, spacing of the same bar 


would be - times of that of middle strip but should not exceed 12 in. 


6. Reinforcement detailing: 
(i) Short direction: 


N-------1+----- 


Legends: 
(A) = #4 bar @ 12 in. c/c alt ckd 
(B)= 2 - #4 extra top in bet" two ckd 
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(ii) Long direction: 


Aoi Tiere. 


=—* 


Legends: 
(2) = #3 bar @ 12 in. c/e alt ckd 


(2) = 2 - #3 extra top in bet* two ckd 
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3.5 Practice Problem: 


Pb-7. Design a one-way slab continuous over integral beams and spanning 12 ft between 
supports. It carries 100 psf live load, and appropriate floor finish in addition to its own 
weight. Material strengths are f,’ = 3000 psi and f, = 60,000 psi. Design the slab by 
strength design method and show reinforcing detailing for main reinforcement and 
distribution reinforcement. [CE-2015] 


Pb-8. The roof slab of a lobby having clear dimensions of 12 ft by 25 ft is supported by 
beams on all sides. Design the slab by strength design method using f. = 
4000 psi and f,, = 60,000 psi. Show reinforcement detailing in a cross section. [CE-2014] 


Pb-9. A one-way solid slab spanning 16 ft between masonry walls carries a service live 
load of 100 psfand a2 kips concentrated load, assumed to be uniformly distributed across 
the slab span. A 2 in. floor finish will be used, weighing 20 psf. Prepare a design for the 
slab, using t. = 4000 psi and ip = 60,000 psi. Show all concrete dimensions and 


reinforcement detailing on a simple sketch. [CE-2013] 


Pb-10. The comer panel of an edge-supported reinforced concrete slab measures 16 ft x 
20 ft between supports. The slab has to carry a live load of 100 psf, floor finish of 30 psf 
and its own weight. Design the slab by the coefficient method. Use f . = 3000 psi and f, = 


60,000 psi. [CE-2019] 


Pb-11. A two way concrete slab roof is to be designed to cover a transformer vault. The 
outside dimensions of the vault are 18 ft x 22 ft and supporting walls are 12 in. thick 
masonry. A service live load of 80 psf distributed uniformly over the roof surface will be 
assumed, and a dead load allowance of 10 psf added to the self-weight of the slab. Design 
the roof as a two-way edge-supported slab. Use f. = 4000 psi and i = 50,000 psi. [CE- 


2016) _ | 7 ‘ 


—_* 


Pb-12. A monolithic reinforced concrete floor consists of rectangular bays measuring 21 X 
26 ft. and the width of the supporting beam is 12 in. The floor is intended to carry a service 
live load of 125 psf uniformly distributed over its surface in addition to its self-weight. 
Design a typical interior panel and show reinforcement detailing. Use f,' = 
3000 psi and f, = 60,000 psi. [CE-2015] 


Chapter-4 
Shear and Diagonal Tension in Beams 


ee — ——_———————___._........____ eee 


4.1. Theory Analysis: 


Q-1. What is meant by diagonal tension? Describe diagonal tension cracking in beams with 
appropriate sketch. [CE-2014, 2013; BECM-2018] 

Ans: Diagonal tension: The tension which is caused in the tensile zone of the beam due to 
shear, at or near the supports is called as diagonal tension. 


Diagonal tension cracking in beams: 
i) Web-shear crack: An inclined crack will develop independently in a beam, even though 


no flexure cracks are in that locality. Such cracks, which are called web-shear cracks. They 
also sometimes occur near the points of inflection of continuous beams or near simple 
supports. 


Web-shear crack Flexural crack 


Fig: Web-shear crack 


i) Flexure-shear_ crack: When inclined cracks can develop in the webs of reinforced 
concrete beams as well as extensions of flexural cracks, it is known as flexure-shear crack. 
For occurring cracks, the moment must be larger than the cracking moment, and the shear 
must be rather large. The cracks run at angles of about 45° with the beam axis and probably 
start at the top of a flexure crack. 


Flexure-shear crack Flexural cracks 


Fig; Flexure-shear crack 
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Q-2. Which type of beam failure is more dangerous (flexure failure or shear failure)? 
Justify your answer. [CE-2014] 

Or, Why strength reduction factor g is more conservative in shear reinforcement design 
for beams? [CE-2013] 

Ans: Shear failure is more dangerous than flexure failure. The steel is provided in flexure 
crack zone but there is no steel in shear crack zone. Again only concrete has to carry the 
shear force in that zone. Hence the strength reduction factor gy is 0.90 for flexure failure 
and 0.75 for shear failure. As shear failure is uncontrolled, the factor of safety is considered 
25% and so ~ is more conservative in shear reinforcement design. So, shear failure is more 
dangerous. 


Q-3. Why the critical section for shear is considered at a distance ‘d’ from the face of the 
support? [CE-2013] 

Ans: The maximum shear force generally occurs immediately adjacent to a support. The 
first diagonal crack does not occur directly at the support, but at some distance from the 
support, of the order of the effective depth ‘d’ of the beam. This is so because at and 
adjacent to the supports the additional local stresses caused by reactions counteract crack 
formation. For this reason, maximum critical shear is considered at a distance ‘d’ from the 
face of the support. 


Q-4. What are the types of shear reinforcement in beams may be used? 

Ans: Different types of shear reinforcement may be used to resist the diagonal cracking of 
beam: 

(i) Stirrups, which can be placed either perpendicular to the longitudinal reinforcement or 
inclined usually in 45° angle and welded to the main longitudinal reinforcement. 

(ii) Bent bars, which are part of the longitudinal reinforcement at an angle of 45°. 

(iii) Combinations of stirrups and bent bars. 

(iv) Welded wire fabric with wires perpendicular to the axis of the member. 

(v) Spirals, circular ties, or hoops in circular section as columns. 


U-shaped 
(two legs) 
stirrup 


Fig: Stirrups — vertical Fig: Bent bars 
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Q-5. Discuss the types of stirrup or web reinforcement in beams with appropriate neat 


sketch. 
Ans: Various types of stirrup are described below: 


(i) Single vertical stirrup 


(ii) Multiple stirrup 


(iii) Lap spliced stirrup 


Q-6. What are the purposes of shear reinforcement or stirrups in beams? 

Ans: Purposes of shear reinforcement in beams: 

(i) Shear reinforcement increases the member strengths against diagonal tension failure by 
direct transfer of shear force and improvement of aggregate interlock. 

(ii) It helps to maintain the intensity of compression zone. 

(iii) It improves the concrete member ductility. 

(iv) It also holds the longitudinal reinforcement on its place of proper position. 
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(v) It increases the stability of the structural elements and also prevents the buckling failure 
of column which acts as tie bar. 
Q-7. Why slabs are not designed for shear reinforcement? 


Ans: Shear reinforcement is not considered in the slab design for the reasons:- 
(i) Depth of slab is small and span therefore fairly slender so bending and deflection will 


nearly always govern the design. 
(ii) Most of the slabs are subjected to uniformly distributed loads. Because of this, the 


developed shear stresses are small. 


4.2. Basic Concepts: 


1. Concrete aggregate factor, A: 


Aggregate type Aggregate factor, 4 
Normal-weight concrete LO 


Sand, CA light-weight concrete 0.85 


All light-weight concrete 


2. Maximum Spacing of Stirrup (S,.,,): 


(a) If py, < p4/f,' byd 
Smax is the least of- 


’ d 

1) S = 2 

ii) S = 24 in. 

ill oe Ay fyt Ay fyt 
a”) = 0.75) fel byd — SO0by - 


(b) If py, > p4/f-' byd & pV, < g8yf.' byd 
Smax is the least of- [half of (a)] 

youd 

js = ; 

ii) S = 12 in. 


eer A f t A f; t 
is =—— te ot 
0.75 fel bywd S0by 


4.3. Solution Techniques: 


Design of shear (web) reinforcement: 


WSD 
Step-1. Load diagram & SFD 
Step-2. Shear and distance calculation: 
Critical shear, V = R-—wd 


Shear capacity of concrete, 


V=1.1/f,' byd 
aa), 


Shear acts at a distance x = (eee : 


[from similar triangle] 
Shear reinforcement is carried at a total 
distance of (x + d). 


Step-3. Maximum spacing: 


Smax is the least of- 


; d 
DS: = 2 

ii) S = 24 in. 
oa As 
Ml) S = 0.0015 by 


Step-4. Determining shear & location for 
° Smax s 


_ Ay fod 


5 
Vu 


on™ 


Step-5. Average shear of V (critical) & 
V (Smax ), distance and spacing, S 


Step-6. Spacing, S for critical shear, V 


Step-7. Reinforcement detailing: 
Step-8. Stirrup distribution: 
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USD 


Step-1. Load diagram & SFD 

Step-2. Shear and distance calculation: 
Critical shear, V, = R — wd 

Shear capacity of concrete, 


QV, = p2dy fo’ byd 
lf ¥.< a ; no shear reinforcement is 
needed. 
R-@Vc\_ 


: L 
Shear acts at a distance = ; (#2), 


[from similar triangle] 
Shear reinforcement must be provided 


where shear exceeds oe. 

Step-3. Check for permissible shear: 

Shear resisted by shear reinforcement, 
ev; =V.— Ve 

Maximum permissible value 94.,/ f,’ bd 

& p8y f.' byd, applying condition for 


Smax 


Step-4. Maximum spacing: 
Smax is the least of- 


° ad 

i) S$ = 3 

lil) S = 24 in. 

iii) S — Ay fyt Ay fyt 


0.75.f fc byd — SOby 
Step-5. Determining shear & location for 


Sra , 

pA, fyrd 

$= ——— 

Vi — OY 
Step-6. Average shear of ¥V,, (critical) & 
Vi. (Smax ) and spacing, S. 
Step-7. Spacing, S for critical shear, V, 
Step-8. Reinforcement detailing: 
Step-9. Stirrup distribution: 
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oe Pewee ans © > 


4.4. Problem Solution: 


4.4.1 Design of shear (web) reinforcement - 


Pb-1. A simply supported rectangular beam of b = 16 in. and d = 22 in. carries a total 
working load of 5.12 k/ft. on a 20 ft. clear span. Design shear reinforcement for the beam 
by WSD method. Use f,’ = 3 ksi and f, = 50 ksi. [CE-2019, 2015(sim), 2012] 


Sol": 
1. Load diagram & SFD: 


5.12 k/ft. 


si2k 070 _ 20 51.2 K 


“aie 


2. Shear and distance calculation: 
Critical shear acts at d = 22” = 1.83 ft from the face of the support, 
| V =R-—wd = 51.2 —5.12 x 1.83 = 41.8 kips 
| -. Shear capacity of concrete, 
| Ve = 11V fi’ byd = 1.1V3000 x 16 x 22 = 212 kips 


§L2—21.2 
51.2 


) = 5.86 ft from the face of the support. 
[from similar triangle] 


It acts at a distance 10 


Shear reinforcement is carried at a total distance of (5.86 + 1.83) = 7.69 ft 


3. Maximum spacing: 


Smax 1s the least of- 
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)s=S=y= lin 
ii) S = 24 in. 
Ay 2 xX 0.11 
iii) S = 9.0015b, 0.0015 x 16 72" 


Sn = 22 | 
| 
4. Determining shear & location for S;.¢,, (Taking #3 stirrups for trial) 


¢ _ Av fod 


2 * 0.11) x 20 x 22 
oy TOT IONE 212 Lf, = 0.4f, = 20 ksi] 


. V = 31.72 kips 


S1.2=32.72 


It acts at a distance 10 ( a ) = 3.80 ft from the face of the support. 


5. Average shear of 41.8 kips & 31.96 kips is 36.88 kips. 


It acts at a distance 10 (ee) = 2.80 ft from the face of the: support. 
-. Spacing, 
Ay fpd (2*0.11) x 20 x 22 
5 Pi oan sea escola 6.17 in. = 6 in. 


V-V. 3688 —21.2 
6. Spacing for critical shear V is, 


_ Ay fod — (2*0.11) x 20 x 22 


5 
+ VV, 41.8 — 21.2 


= 4.69 in. = 4.5 in, 


The first stirrup is placed at distance = = = = 2.25 = 2 in. from the face of the support. 
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7. Reinforcement detailing: 


51.2K 


#3 stirrup @ Gin. c/c 
#3 stirrup @ 4.5 in. c/c 


oa #3 stirrup @ 9 in. c/c 


8. Stirrup distribution: 
i) 1 First stirrup @ 2 in. = 2 in. 
ii) 7 stirrup @4.5in. =31.5 in. 
iii) 2 stirrup @6in. =12 in. 
iv) 5 stirrup @9 in. =45 in. 
Total = 90.5 in. = 7.54 ft (~7.69 ft) (Answer) 


Easy rough calculation: 


distance _ (2.80x12)—2 in. 


For (ii), Stirrup number = Faun 


distance _ (3.80—2.80)x12 in. 


For (iii), Stirrup number = —__ = —~-——— = 2 nos. & length = 2 x 6 = 12 in. 


spacing 6 in. 


: distance 7,.69—3.80)x 7 
For (iv), Stirrup number = am )x12 in 


7.02 = 7nos. & length = 7 x 4.5 = 31.5 in. 


ac 0:~C~*=“‘ 5.19 = Snos. &length=5x9=45in. 
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Pb-2. A simply supported beam 12 in. wide by 18 in. effective depth, having clear span of 
20 ft. between supports carries a concentrated load of 100 kips at its midpoint in addition 
to its own weight. Design shear reinforcement for the beam by WSD method. Use gx 
4000 psi and f, = 60,000 psi. [CE-2017] 


Sol": 
1. Load diagram & SFD: 


Self-weight n= x 150 = 250 lb/ft = 0.25 k/ft ; [Total ht, h=d+cc=18+2=20in.] 


100 kips 


525K 1 ; 52.5 K 


-52.5 K 


2. Shear and distance calculation: 
Critical shear acts at d = 18” = 1.5 ft from the face of the support, 

V =R-—wd = 52.5 — 0.25 x 1.5 = 52.13 kips 
-. Shear capacity of concrete, 


Ve = 11 f' byd = 1:1V4000 x 10 x 18 = 12.52 kips 


52.5 — 12.52 


It acts at a distance 10 ( eer ) = 12.3 ft from the face of the support. 


[from similar triangle] 
Shear reinforcement is carried at a total distance of (12.3 + 1.5) = 13.8 ft 
Here, V, exceeds the shear of 50 kips & distance of C, = 10 ft, 


So, Shear reinforcement have to provide to centerline along all the span length. 
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3, Maximum spacing: 


Smax is the least of- 


d 18 . 
i) i em, 


a 
ii) S = 24 in. 
Ay 2x 0.11 
ii = = ——____ = 14.67 in. 
it) 5 = 990156, 0.0015 x 10 zi 
* Smax = 9 in. 
4, Determining shear & location for S,,q,, (Taking #3 stirrups for trial) 
_ A, f,d 
V—-—\ 
A, fd 
c S 
Ay fod 
aya he yy, 


y — 2% 0-11) x 24 x 18 
= nn a 


“ V = 23.08 kips 


+1252; [f, =0.4f, = 24ksi] 


; 52.5-23. 
It acts at a distance 10 (=) = 117.68 ft from the face of the support. 


5. Average shear of 52.13 kips & 23.08 kips = 37.61 kips. 


It acts at a distance 10 (—*) = 59.56 ft from the face of the support. 


.. Spacing, 


Ay fod _ (20.11) x 24x 18 


V—V, ~ 3761-1252 379 in. = 3.5 in, 


6. Spacing for critical shear V is, 


_Av fod _ (2*0.11) x 24 x 18 


V-v. 5243-1252. “4 .* 2.25 in. 


S; 
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AY 


The first stirrup is placed at distance > = 22> 


= = 1.13 = 2 in. from the face of the support. 


Every location of shear exceeds the centerline distance. So, the spacing of stirrup should 
be chosen of the spacing (S,) that is calculated for critical shear. 


7. Reinforcement detailing: 


OF Hee a A a ee Hn 
De Eee RRR MEE Re 


#3 stirrup @ 2.25 in. c/c 


8. Stirrup distribution: 
i) 1 first stirrup @ 2 in. = 2 in. 
li) 52 stirrup @ 2.25 in = 117 in. 


t 


Total = 119 in. = 9.92 ft. (=10 ft) 
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Pb-3. A cantilever beam having b = 10 in. and h = 20 in. carries a working live load of 4 
k/ft on a 10 ft span. Design shear reinforcement for the beam by WSD method. Use f,’ = 


3000 psi and f, = 60,000 psi. Show reinforcement detail in longitudinal and: cross- 
section. [CE-2014] 

Sol’: 

Effective depth, d= h—cc=20—2 = 18 in. 

1. Load diagram & SFD 


2. Shear and distance calculation: 
Critical shear acts at d= 18” = 1.5 ft from the face of the support, 

V=R—wd =40-—4X1.5 = 34kips 
.. Shear capacity of concrete, 

V, = 1.17 f.’ byd = 1.1V3000 x 10 x 18 = 10.84 kips 
It acts at a distance 10 —) = 7.29 ft from the face of the support. 
[from similar triangle] 

Shear reinforcement is carried at a total distance of (7.29 + 1.5) = 8.79 ft 


3. Maximum spacing: 


Smax iS the least of- 


Shear and Diagonal Tension in Beams 


ii) S = 24 in. 
7 Ay _ 2x 011 1 
ii)S = o0isb, 0.0015 x 10 "07 ®. 


* Sax = 9 in 


4. Determining shear & location for S,,.,,, (Taking #3 stirrups for trial) 


5 — fe fed 
V—V 
A, f,d 
=>V-V,= = 
Ay fyd 
=>V v fo + Vz. 
§ 
(2*0.11)x 24x18. 
ee eS [fp = 0.4 f, = 20 ksi| 
« V = 21.4 kips 


40-21.4 


It acts at a distance 10 (= )= 4.65 ft from the face of the support. 


5. Average shear of 34 kips & 21.4 kips = 27.7 kips. 
It acts at a distance 10 (=) = 3.1 ft from the face of the support. 
.. Spacing, 


A, fd (2*0.11) x 24x18 . . 
= eS = 45 G64 i, z S. : 
S= Vy 277-1084 eee ee 


6. Spacing for critical shear V is, 


Ay fpd (2 * 0.11) x 24x 18 


S, = 
+ V=-h 34 — 10.84 


= 4.1 in. = 4in. 


The first stirrup is placed at distance = = - = 2 in. from the face of the support. 
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7. Reinforcement detailing: 


40K 


#3 stirrup @ 5.5 in. c/c 


#3 stirrup @ Qin. c/c 
#3 stirrup @ 4 in. c/c 


8. Stirrup distribution: 
i) 1 First stirrup @ 2 in. = 2 in. 
ii) 10 stirup@4in. =40in. 
iii) 4 stirrup @ 5.5 in. -= 22 in. 
iv) 5 stirrup@9in. =45 in. 
Total = 109 in. = 9.083 ft (+9.09 ft) (Answer) 
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4.4.2 Design of shear (web) reinforcement - 


Pb-4. A simply supported rectangular beam of b = 16 in. and d = 22 in. carries a total 
factored load of 9.4 k/ft. on a 20 ft. clear span. Design shear reinforcement for the beam by 
USD method. Use f,’ = 4000 psi and fy = 60,000 psi. [BECM-2018(sim)] 

Sol": 

1. Load diagram & SFD: 


94 K 10’ 10’ 94K 


-94K 


2. Shear and distance calculation: 
Critical shear acts at d = 22” = 1.83 f.t from the face of the support, 
V, = R-—wd = 94 — 9.4 Xx 1.83 = 76.8 kips 


-. Shear capacity of concrete, 
ev, = g2Ay f.' byd = 0.75 x 2X 1x V4000 x 16 x 22 = 33.4 kips 


It acts at a distance 10 (7) = 6.45 ft from the face of the support. 


[from similar triangle] 
Here, 2 = =" = 16.7 kips < 76.8 kips 


Ve . : 
“Ut re ; Shear reinforcement is needed. 
According to ACI code, 
Shear reinforcement must be provided where shear exceeds eos = 16.7 kips. 


It acts at a distance 10 (Aa) = 8.22 ft from the face of the support. 
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3. Check for permissible shear: 
Shear resisted by shear reinforcement, 


pV, =V, — eV; = 76.8 — 33.4 = 43.4 kips 


Maximum permissible value = —4./f,' b,,d = 0.75 x 4 x ¥4000 x 16 x 22 = 68.8 kips 
So, pV, < p4y f-' Dyd 


4. Maximum spacing: 
Smax is the least of- 


qd 22 
jS===—=11in 


Zz z 
ii) S = 24 in. 
' x 60,000 2 * 0.11) x 60,000 
iii) S _ Ay fye —Avfye _ @* 0.11) ak ) 


0.75) f.' by  50By 0.75V4000 x 16 50 x 16 
= 17.4in.< 16.5 in. 
*- Smax = 11 in. 
5. Determining shear & location for Singx, 
_ pAy fyed 
Vi — Ve 


_ pA, fyrd 


A d 


y 0.75 x (2 * 0.11) x 60 x 22 rn 
wre = ah 
 V, = 53.2 kips 
94-53.2 
It acts at a distance 10 (-==*) = 4,35 ft from the face of the support. 
6. Average shear of 76.8 kips & 53.2 kips is 65 kips 
94-65 
It acts at a distance 10 ( vi ) = 3.1 ft from the face of the support. 
.. Spacing, 


33.4 


_ PA, fyed _ 0,75 X (2 * 0.11) x 60 x 22 


S= - 
Vy, — oY 65 — 33.4 


= 6.89 in. = 7 in. 
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7. Spacing for critical shear V is, 


PAy fyrd 0.75 X (2 * 0.11) x 60 x 22 


= Vv — oh. = 768—334 = 5.02 in. = 5 in. 


Sy 


The first stirrup is placed at distance = = : = 2.5 in. from the face of the support. 


8. Reinforcement detailing: 


ee ee re, 


Ae #3 stirru 7 in. cfc 
5” P@ / #3 stirrup @ 11 in. c/c 


#3 stirrup @ 5 in. c/c 


9. Stirrup distribution: 
1) | first stirrup @ 2.5 in. = 2.5 in. 


li) 7 stirrup @ 5 in. = 35 in. 
iil) 2 stirrup @ 7 in. = 14 in. 
iv) 4 stirrup @ 11 in. = A4 in. 


Total = 95.5 in. = 7.96 ft (+8.22 ft) 
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Pb-5. A simply supported rectangular beam of b = 10 in. and d = 20 in. shows the load 
diagram as follows. Design shear reinforcement for the beam by USD method. Use f. = 
3000 psi and f, = 60,000 psi. 

Sol": 


20 K 20 K 


1. Load diagram & SED: 


2. Shear and distance calculation: | 
Critical shear acts at d = 20” = 1.67 ft. from the face of the support, 
V, =R—wd = 68—4%X 1.67 = 61.32 kips 

.. Shear capacity of concrete, 


oV, = o2ay f,' byd = 0.75 X 2X 1x ¥3000 x 10 x 20 = 16.43 kips 


It acts at a distance 6 + 6 (a) = 7.89 ft from the face of the support. 
[from similar triangle] 


Here, 7 2049 = 8.22 kips < 61.32 kips 


oy. ¢ i ; shear reinforcement is needed. 
aecadlins to ACI code, 


Shear reinforcement must be provided where shear exceeds ene = 8.22 kips. 


24-8.22 
24 


It acts at a distance 6 + 6(= = = 9.95 ft from the face of the support. 


Shear and Diagonal Tension in Beams 


3. Check for permissible shear: 
Shear resisted by shear reinforcement, 


oV, = Vy, — pV, = 61.32 — 16.43 = 44.89 kips 


Maximum permissible value = 04,/f,' bd = 0.75 x 4 x ¥3000 x 10 x 20 = 32.86 kips 
So, vl, t 04,/f.’ bd 

And, 98, f,' bd = 0.75 x 8 x ¥3000 x 10 x 20 = 65.73 kips 

Here, pV, < y8/ f.' by d 


4, Maximum spacing: 
smax |S the least of- 


ee ee 
4° 4 
ii) S = 12 in. 
iit) S = Ay fyt 2 Ay fye _ (2 * 0.11) x 60,000 2 (2 * 0.11) x 60,000 
0.75./f;'by by  0.75¥4000 x 16 50 x 16 
= 17.4in, <= 16,5 in. 
+ Smae =O il 


5. Determining shear & location for Sirgx, 
s= DpAy f, ye 
Ky, — pve 
A d 

a Q nto 


A d 
a = Otel ol, | : 
0.75 x (2 * 0.11) x 60 x 20 
i, =——————— 
5 
- Vy, = 54.45 kips 


+ 16.43 


68-54.45 


It acts at a distance 6 ( carr ) = 3.39 ft from the face of the support. 


6. Average shear of 61.32 kips & 54.45 kips is 57.89 kips 


68-57.89 
68-44 


It acts at a distance 6 ( ) = 2.53 ft from the face of the support. 


401 ° 
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-. Spacing, 
@Ay fyrd 0.75 x (2 * 0.11) x 60 x 20 
V,- OV. 57.89 — 16.43 
7. Spacing for critical shear V is, 


Ayfyd 0.75 x (2 + 0.11) x 60 x 20 
Se Ne tina 
Vy, — ov, 61.32 — 334 


es 


The first stirrup is placed at distance = = == 2 in. from the face of the support. 


8. Reinforcement detailing: 


68 K 
61.32 K 57.89 K 


Lf 


2.53’ 


w 
Ww 
v=) 


wo 
Oo 
wi 

. 


laze Cc te ed | 
rt] pL ft TT ye COPE EEE EH Ls 
an #3 stirrup @ 4.5 in. c/c 


#3 stirrup @ 4 in. c/c 
9. Stirrup pattern: 


i) | first stirrup @ 2 in. = 2 in. 
ii) 7 stirrup @ 4 in. = 28 in, 
iil) 2 stirrup @4.5in. =9 in. 
iv) 16 stirrup @5in. =80 in. 
Total = 119 in. = 9.92 ft, (~9.95 ft) 


= 4,76 in. = 4.5 in. 


#3 stirrup @ 5 in. c/c 
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Pb-6. Design shear reinforcement for the following simply supported beam of b = 12 in. 
and d = 24 in. Use f,' = 3500 psi and f, = 60,000 psi. Follow USD method. 
[CE-2018; BECM-2019(sim)] 


P, = 30 kips 


w,, =6 k/ft 


Sol": 


1. Load diagram & SFD: 


75K _ ad 75 K 


i -75K 


2. Shear and distance calculation: 

Critical shear acts at d = 24” = 2 ft. from the face of the support, 
V, =R—-—wd =75—6X2 = 63 kips 

:. Shear capacity of concrete, 


“pV, = p2ay f.’ byd = 0.75 X 2X1 XV3500 x 12 x 24 = 25.56 kips 


It acts at a distance 10 (=) = 8.24 ft from the face of the support. [from similar 
triangle] 
Here, 22 =" = 12,78 kips < 63 kips 


VF os ; shear reinforcement is needed. 
According to ACI code, 


Shear reinforcement must be provided where shear exceeds a = 12.78 kips. 
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75—12.78 
75-15 


It acts at a distance 10 ( ) = 10.37 ft from the face of the support. 


Ve 


Here, > cross the shear of 15 kips & distance of C, = 10 ft, 


So, Shear reinforcement have to provide to centerline along all the span length. 
3. Check for permissible shear: 


Shear resisted by shear reinforcement, 

eV, =V.— ~V, = 63 — 25.56 = 37.44 kips 

Maximum permissible value = p4.f f,' bd = 0.75 x 4X ¥3500 x 12 x 24 = 51.11 kips 
So, pV, < 4. f.' byd 


4. Maximum spacing: 
Smax IS the least of- 


d 24 
)S=z=>llin 


2 
ii) S = 24 in. 
Ay fyt Ay fye (2 * 0.11) x 60,000 _ (2 « 0.11) x 60,000 
iii) S = ——=—— s = een vp BQ RID 
0.75 f. by bw  0.75V¥3500 x 12 50 x12 
= 24.79 in. < 22 in. 
San = 12:06 
5. Determining shear & location for Sj, , 
_ PAy fyrd 
Va = PVe 
A d 
sy sens Pp vtye 
S 
A d 
V, = ~ vfyt + oF, 
Ss . 
0.75 x (2 * 0.11) x 60 x 24 
y= 12 + 25.56 


“Vy, = 45.36 kips 


: 75—45.36 
It acts at a distance 10 ( ae ) = 4.94 ft from the face of the support. 


Shear and Diagonal Tension in Beams 


6. Average shear of 63 kips & 45.36 kips is 54.18 kips 


It acts at a distance 10 (a) = 3.47 ft from the face of the support. 


.. Spacing, 
A d 0.75 x (2+*0.11) x 60 x 24 
ees v Syt ee ea 
Va — GV 54.18 — 25.56 


7. Spacing for critical shear V is, 


_ GAy fyrd _ 0.75 x (2 * 0.11) x 60 x 24 


Sy = = = 6.35 in. = 6 in. 
1-7 ov, 63-2556 6.35 in. = 6in 


The first stirrup is placed at distance 2 = : = 3 in. from the face of the support. 
8. Reinforcement detailing: 


75K 
63 K 
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9. Stirrup distribution: 
i) 1 first stirrup @ 3 in. =3 in. 
ii) 7 stirrup @ 6 in. = 42 in. 
iii) 2 stirrup @8in.  =16in. 
iv) 5 stirrup @12in. =60 in. 
Total = 121 in. = 10.1 ft (~10 ft) 


Pb-7. A rectangular beam having b = 10 in. and d = 17.5 in. spans 15 ft face to face of 
simple supports. It is reinforced for flexure with three No. 9 bars that continue 
uninterrupted to the ends of the span. It is to carry service dead load of 1.27 k/ft (including 
self-weight) and service live load of 3.70 k/ft, both uniformly distributed along the span. 
Design the shear reinforcement for the beam using f.. = 4000 psi and f, = 60,000 psi. 
[CE-2013] 


Sol": 


1. Load diagram & SFD: Factored uniform load, w, = 1.2 x 1.27 + 1.6 x 3.70 = 7.44 k/ft 


; w,, = 7.44 k/ft 
PY VVYVYVVYYVYV¥VVYVYVVYYW YW \ 
ee 
‘ay 


7.5" 


55.8 K 55.8 K 


-T4.4K 


2. Shear and distance calculation: 

Critical shear acts at d = 17.5” = 1.46 ft from the face of the support, 
Vy, = R —wd = 55.8 — 7.44 x 1.46 = 44.94 kips 

.. Shear capacity of concrete, 


pV, = p2ay f.' byd = 0.75 xX 2x 1x V¥4000 x 10x 17.5 = 16.6 kips 
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oe) = 5.27 ft from the face of the support. 


[from similar triangle] 


It acts at a distance 7.5 ( 


Here, 2¢ ==" = 8.3 kips < 44.94 kips 


2 


v, 
“Y> a ; shear reinforcement is needed. 


According to ACI code, 
Shear reinforcement must be provided where shear exceeds oe = 8.3 kips. 


55.8 — 8.3 
55.8 


It acts at a distance 7.5 ( ) = 6.38 ft from the face of the support. 


3. Check for permissible shear: 
Shear resisted by shear reinforcement, 
ov, = Vi, — oVv = 44.94 — 16.6 = 28.34 kips 
Maximum permissible value = 94,/ f-' byd = 0.75 x 4 x ¥4000 x 10 x 17.5 = 33.2 kips 
So, oY, < 94 f-' byd 
4, Maximum spacing: 
Smax is the least of- 
d _ is 


= ag = 8.75 in. 
ii) S = 24 in. 
ane. Avfye Ay fye (2 * 0.11) x 60,000 2 (2 * 0.11) x 60,000 
a 0.75, f.’ by = 50by 0.75V4000 x10 50 x 10 
= 27.83 in. < 26.4 in. 
a Say = G79 it 


5, Determining shear & location for Singx ; 


5 = PAvfyed 
Vn — OV, 
A d 


5 
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_ 0.75 x (2* 0.11) x 60 x 17.5 
aa 8.75 
- V, = 36.4 kips 


+ 16.6 


It acts at a distance 7.5 (—=—**) = 2.61 ft from the face of the support. 


6. Average shear of 44.94 kips & 36.4 kips = 40.67 kips 


It acts at a distance 7.5 eR) = 2.03 ft from the face of the support. 
55.8 
.. Spacing, 
A d 0.75xX 0. 0 = 
po eae 7.2in.= 7 in. 
Viz — OV 40.67 — 16.6 


7. Spacing for critical shear V is, 


_ @Ay fyed _ 0.75 X (2 * 0.11) x 60 X 17.5 


= = = 6.1 in. = 6in. 
V, — ov. 44.94 — 16.6 ail 


Sy 


The first stirrup is placed at distance = = “ = 3 in. from the face of the support. 


[continue 


eevee seeee 
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8. Reinforcement detailing: 


55.8 K 


‘J 


en oe 


a ee Oe ee ee 
Paw Lo Sy ee ei meer 


#3 stirrup @ 4 in. c/c #3 stirrup @ 4.25 in. c/c 


#3 stirrup @ 3.5 in. ¢/c 


9. Stirrup distribution: 


i) 1 first stirrup @ 3 in. = 3 in. 
ii) 4 stirrup @ 6 in. = 24 in. 
iii) 1 stirrup @ 7 in. . = 7 in. 


iv) 5 stirrup @ 8.75 = 8.5 in. = 42.5 in. 
Total = 76.5 in. = 6.375 ft (~6.38 ft) 
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Chapter-5 
Bond, Anchorage and Development Length 


5.1. Theory Analysis: 


Q-1. Define bond strength. Why is it essential to provide between steel and concrete in 
beams? 

Ans: Bond strength: Bond strength is defined as the shear force per unit nominal surface 
area of reinforcing bars. The bond strength is acting on the interface between bars and 
surrounding concrete and along the direction parallel to the bars. 


Essentiality of bond strength: The bond strength between steel and concrete is very 
important and essential so that they can act together without any slip in a loaded structure. 
If there is no bonding between the two materials and if the bars are not anchored at their 
ends, they will pull loose from the concrete. As a result, the concrete beam will act as an 
unreinforced member and will be subject to sudden collapse as soon as the concrete cracks. 
With the perfect bond between them, the plane section of a beam remains plane even after 
bending. 


Q-2. Describe how bond is maintained between steel and concrete ina RCC member. [CE- 
2015] 

Ans: Bond maintenance between steel and concrete: Bond is maintained by the three 
process that is described below: 


(i) Chemical adhesion: When the force is first applied to the bar, the resistance to slipping 
is provided by the chemical adhesion between the steel bar and the concrete. 


(ii) Mechanical friction: If plain bars were used, it would not take much tension in the bars 
to break this adhesion, particularly adjacent to a crack in the concrete. Ifthis were to happen 
for a smooth surface bar, only mechanical friction would remain to keep the bar from 


slipping. 

(iii) Rib-shaped deformed bar: Deformed bars were introduced so that in addition to the 
adhesion and friction, there would also be a resistance due to the bearing of the concrete 
on the ribs of the bars as well as the so-called shear-friction strength of the concrete 
between the ribs. 
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Q-3. Describe the various types of bond failures with neat sketches. [CE-2019, 2018, 2017, 
2015] 

or, What are the common types of bond failures in reinforced concrete beam? What are the 
main reasons behind them? Show with neat sketch. [CE-2013] 


Ans: The common types of bond failures in reinforced concrete beam are described below: 
(i) Direct pullout or slip: When the bar is confined by surrounding concrete, then as the 
tensile force on the bar is increased, adhesive bond and friction are overcome, the concrete 
eventually crushes locally, which is called direct pullout. 


Concrete 


: End SP 


Reinforcing bar/ 
Fig: Direct pullout of the bar 


(ii) Splitting: Bond failure resulting from splitting of the concrete is more common in 
beams than direct pullout. Splitting comes mainly from wedging action when the ribs of 
the deformed bars bear against the concrete. It may occur-either in a vertical plane or 
horizontal plane of the bars. 


Splitting Splitting 


(a) (b) 


Fig: Vertical splitting Fig: Horizontal splitting 


Q-4. Define development length. Why is it necessary to maintain development length for 
the reinforcing bars? Explain with appropriate sketches. [CE-2016, 2015] 


Ans: Development length: Development length is defined as the minimum length of the 
bar required to transfer stress from steel to concrete. 
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It is attained by extending the straight bar a sufficient distance from the point of maximum 
stress (Mingx OT Tmax): 


Necessary to maintain development length: Development length is needed to establish the 


desired bond strength between the concrete and steel. Further, bond strength is required to 
form a continuous structure. The development length also resists concrete cracks by 
controlling the pullout and splitting. However, it is provided to have a fixed support to the 
bars to withhold the position of stressed bars in the concrete. So, it is greatly necessary to 
maintain development length for the reinforcing bars in the concrete. 


| ! 


Fig: Development length 


Q-5. What is the function of development length for reinforcing bars? [CE-2013] 

Ans: The functions of development length for reinforcing bars are described below: 

(i) It is provided to create a bond between steel and concrete in order to transfer the bar 
force without slip to prevent the bar from pullout. 

(ii) It strengthens the reinforced concrete member by establishing desired bond strength. 
(iii) It prevents local bond failures of pullout and splitting. 

(iv) It resists sliding of reinforcing bars in the concrete. 

(v) It provides the mechanical interlock of the deformed bars with the surrounding 


concrete. 


Q-6. What are the factors of influencing of development mag for reinforcing bars? 
Ans: The factors of influencing of development length for reinforcing bars are described 
below: 

(i) Location of reinforcement 

(ii) Coating of bars 

(iii) Size of reinforcement 

(iv) Lightweight aggregates 

(v) Spacing of bars 

(vi) Cover dimensions 
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(vii) Transverse reinforcement (stirrups) 
(viii) Grade of steel and concrete 


Q-7. Define hook? When hooks are required in reinforced concrete member? Show the 
standard hook dimensions according to ACI code by neat sketches. 

[CE-2016, 2014; BECM-2018, 2017} 
Ans: Hook: Hook is defined as the headed bar at the end of a bar when its straight 
embedment length is less than the necessary development length. 


When hooks are required: When sufficient space is not available to anchor tension bars by 
running them straight for their required development lengths. Also tensile stress cannot be 
developed by bond alone, then it is necessary to provide special anchorage of hooks. 


Standard hook dimensions according to ACI code: 
(1) For main reinforcement: 


fp 12d, —| 
r r 
fsa, > 2h" 
—ti-ag, —||—d, 
(a) 180° hook (b) 90° hook 
(i) For stirrups and ties: 
6d; 
— j-— 12d, a4 135° —., 
F r if t 6d 
No. 5 (No. 16) Nos. 6, 7, or 8 No. 8 (No. 25) 
bar or smaller (Nos. 19, 22, or 25) bar or smaller 
bar 
—l|.—d, —l-a, ld, 


Q-8. What is bar splicing? What are the provisions of ACI code for bar splicing in tension? 
Ans: Bar splicing: When some reinforced bars are short in structural member then two 
reinforced bars of standard lengths are joined and are then wired or lapped together to form 
a single rebar that has higher length and it is called bar splicing. 


The provisions of ACI code for bar splicing in tension: 
The ACI code introduces two classes of splices depending upon the percentage of bars 


spliced on the same location and the level of stress in the bars. 
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(i) Class A splices: These splices have a minimum length 1,, = 1.014 are used when (a) 
one-half or less of the total reinforcement is spliced within the required lap length; and (b) 
the area of reinforcement provided is at least twice that required by analysis over the entire 
length of the splice. 

(ii) Class B splices: These splices have a minimum length l,, = 1.31, are used for all other 
cases that are different from the above conditions. 


Q-9. Why bars are cut off in flexural member? 

Ans: Four major factors affect the location of bar cutoffs. 

(i) Bars can be cut off where they are no longer needed to resist tensile forces or where 
remaining bars are adequate to do so. 

(ii) There must be sufficient extension of each bar, on each side of every section, to develop 
the force in that bar at that section. 

(iii) Tension bars are cut off in a region of moderately high shear force cause a major stress 
concentration, which can lead to major inclined cracks at the bar cutoff. 

(iv) Certain constructional requirements are specified in the cod as good practice. 


Q-10. What are the effects of coating on reinforcement? 

Ans: Reinforcement is usually coated to reduce the corrosion of reinforcement. From the 
basic equation we know, lg « 'Y,. So if the reinforcement is coated, it should be provided 
1.2 or 1.5 times longer than before reinforcement. Although the project cost is high, the 
additional benefits are available. 


Q-11. What are the differences among development length, anchorage length and lap 


length? 


Ans: The differences among development length, anchorage length and lap length are 


described below:- 
Development length | Anchorage length , Lap length 
Lap length is the 


Development length  is| Anchorage length is the 

defined as the minimum | length which is provided if | minimum length of the 
length of the bar required to | sufficient development | overlap bar required to 
transfer stress from steel to | length cannot be able to be | transfer stress from one 
concrete. provided inside support. bar to another safely. 


It is attained by extending the 
straight bar a_ sufficient 
distance from the point of 
maximum stress 


(Mmax Or Omax): 


It is attained by providing 
hook at the end of a bar. 


It is attained by splicing 
of two bar side by side 
which gives required 
design length. 
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5.2. Basic Concepts: 


1. Concrete aggregate factor, A: 


Aggregate type Aggregate factor, A 
Normal-weight concrete 
Sand, CA light-weight concrete 


All light-weight concrete 


2. Factor values for calculating |, for bars in Tension: 


= 1.3 for top bars (having 12 in. 
Y. | fresh concrete below the bar). 


Reinforcement location factor 


= 1.0 for other bars 
= 1.0 for uncoated bars. 
Y, | = 1.2 for epoxy coated bars. 


= 1.5 for epoxy coated bars with 


Coating factor 


| cover. 
YW, | = 0.8 for #6 and smaller bars. 
= 1.0 for #7 and larger bars. 


*In few textbooks, the influencing factor is symbolized as follows: 
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5.3. Solution Techniques: 


5.3.1 Development length of tension bars: 


A. Basic equation: B. Simplified equation: 
Step-1. Cover dimension, cp: L. Check for simplified equation: 


i) One-half the center to center spacing 


i) Clear spacing between bars=[_|> d, 
of bars being developed = ¥ 


ii) Distance from the bar center to the ii) Clear cover over primary 
nearest concrete surface, reinforcement, 
to the side = ¥ 
‘ j = > 
to the top = ¥ to-the side [| > dz, 
Cy = minimum to the top or bottom =( | => dp, 
Step-2. Trans inf ; 8 : 
k P EaVetee seinen nae iii) Stirrup criteria satisfied 
tr: 
Failure of main bar, n = 2 [as per 
question | 
2. Development length: 
k= 40A;, 
vor Sn Factors, V,,¥,,P, &A 
Step-3. + & 
k i1==. PY Vd 
PO <25 d~ 99 ry rf ttets b 
b 


Step-4. Development length: 
Factors, P,,'P,, 2, & A 


a ee 
d 40°afp? (2 ae) 


5.3.2 Development length of compression bars: 
The development length in compression is given by the equation, 
0.02 
lac = ( Zs) dy, 
AN fe 


or, lac = 0.0003 f,d, > 8 in. 
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5.4. Problem Solution: 


Pb-1. Determine the development length required for the tension bars, as shown in the 
figure below i) by using basic equation and ii) by using simplified equation. Bars are 
uncoated in normal-weight concrete. Use f.’ = 4000 psi and fy = 60,000 psi. 

[CE-2019, 2018] 


#4 stirrups 
@ 6 in. oc. 


[3 in, | 3 in, [3 in, | 3 in| 


Sol": 

A. Basic equation: 

1. Cover dimension, Cc): 

i) One-half the center to center spacing of bars being developed = - x (3) = 1.5 in. 
ii) Distance from the bar center to the nearest concrete surface, 

to the side = 3 in. 

to the top = 3 in. 

~ Ch = 1.5 mM. 


2. Transverse reinforcement index, k,,-: 


Failure of main bar, n = 3 
40A,, 40x (2*0.20) 


ee Key Sn = Exe = 0.889 
3, 
ky 1.5 + 0.889 
» ee oO 58975. fob) 
a, 1.0 


4, Development length: 


Factors, Y, = 1.0 for bottom bars 
Y, = 1.0 for uncoated bars 
Y, = 1.0 for #8 bars 
& A = 1.0 for normal-weight concrete 


genet 
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lg ==. = . —— + dy, 
40 ANK (2 + Ker) 
dy 
3 60,000 1.0 x 1.0 x 1.0 


si ee ee 
4 ~ 40'1.0 x V4000 2389. *2 78 = 30 in 


B. Simplified equation: 

1. Check for simplified equation: 

i) Clear spacing between bars = 3 — 1.0 = 2 in.= d, (1.0 in. ) 
ii) Clear cover over primary reinforcement, 

to the side = 3 -— > = 2.5 in.> d,(1.0 in.) 

to the bottom = 3 — = = 2.5in.=> d,(1.0 in.) 


ili) Stirrup criteria satisfied 


2. Development length: 


1 f, 
=—., VY. +d 
d 20 av fi. ttets * ap 
yi 60,000 


. Ll, = 1.0 X 1.0 * 1.0 * 1.0 = 47.43 in. 
¢ ~ 20°1,0 x ¥4000 
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Pb-2. In a beam-column joint of a continuous building frame, based on frame analysis, the 
negative steel required at the end of the beam is 2.90 in?, two No. 11 bars are used, 
providing 3.12 in?. Beam dimensions are b = 10 in., d= 18 in. and h = 21 in, The design 
will include No. 3 stirrups at 5 in. spacing, with 1.5 in, clear cover. Normal-weight concrete 
is to be used, with f,, = 4000 psi and fy = 60,000 psi. Find the minimum development 
length of the required steel area at the face of the column, (i) using the basic equation and 
(ii) using simplified equations. 


#3 Stirrup 


Sol": 
A. Basic equation: 


1. Cover dimension, cp: 
i) One-half the center to center spacing of bars being developed 


=5% (10 —2+*1.5—2+*0.38—1.41) = 2.42 in. 


ii) Distance from the bar center to the nearest concrete surface, 
to the side = + 0.38 + 1.5 = 2.58 in. 
to the top = 3 in. 


Cp =2A42in. - 


2. Transverse reinforcement index, Ky,: 
Failure of main bar, n = 2 
40Ar, 40 x (2 * 0.11) 


ee Ke, Sn = — 5x2. = 0.88 


Cotkpp 242 +0.88 


dy aia 0 al 2.34 52.5 (ok) 
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4. Development length: 
Factors, Y, = 1.3 for top bars 
YY, = 1.0 for uncoated bars 
Y, = 1.0 for #8 bars 
& A = 1.0 for normal-weight concrete 
3 fy Ve, 


enti: Aen lal 
aE (a ny *“ 


3 60,000 1.3 x 1.0 x 1.0 


Ae * 1,41 = 55.7 in. 
“~~ 40° 1.0 x ¥4000 2.34 
A red 90 
Revised iy =f, a) es s 20 = S18 © S2in. 


A,(provided) 


B. Simplified equation: 


1. Check for simplified equation: 
i) Clear spacing between bars =10—2+1.5—2+*0.38—2+*141 = 3.42in.= 


dy (1.41 in. ) 


ii) Clear cover over primary reinforcement, 
to the side =c.c + Dia. of stirrup = 1.5 + 0.38 = 1.88 in. > d,(1.41 in.) 


to the top = 3 — = = 2.29 in.> d, (1.41 in.) 
iii) Stirrup criteria satisfied 


Z. ——o- length: 


1 
d 

ad = 50" 9 iad Ve Ps * dp 

by = ee 3x 1.0% 1.04141 = 871 
"e SS ———= —F . U ¥ 1, = i712. 

“~~ 20°1.0 x 4000 

A d 2.90 

Revived isle Se ee 


fa* A, (provided) 3.12 
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Pb-3. Figure shows the cross-section of a rectangular beam near beam-column joint. 
Compute the development length for the negative reinforcement. 
Use f,’ = 3000 psi and f, = 60,000 psi. [CE-2017] 


ne 23" 
Sol': £3" 


A. Basic equation: ’ 


Pe bars 


1. Cover dimension, Cp: 43 stirrups @ 6” 


20" 
i) One-half the center to center spacing of bars c/c through ly 
being developed 
1 
= 5 X (18 — 2 * 2.5 — 2 « 0.38 — 3 * 0.38) = 


= 5.55 in. 


ii) Distance from the bar center to the nearest concrete surface, 


to the side = “= + 0.38 + 2.5 = 3.07 in. 


to the top = = + 0.38 + 3 = 3.57 in. 


- Cy = 3.07 in. 
2. Transverse reinforcement index, k;;: 


Failure of main bar, n = 4 


_40A,, 40 x (2 * 0.11) 


os Iegp = = I = 0.367 
3, 
Ch + key 3.07 + 0.143 
= 9,045 2 2.52 2.5 
d, 0.38 


4. Development length: 
Factors, ‘Y, = 1.3 for top bars 


YW, = 1.0 for uncoated bars 
WY. = 0.8 for #3 bars 


& A = 1.0 for normal-weight concrete 


Bond, Anchorage and Development Length 


3 f y Y, Ye Ys 


——— * ay 


“a6 TE Hk) 


3 60,000 1.3 x 1.0 x 0.8 


i Sees * 0.38 = 12.98 in. = 13 in. 
¢ ™ 40°1.0 x ¥3000 2.5 


B. Simplified equation: 


1. Check for simplified equation: 
i) Clear spacing between bars = 18 — 2 * 2.5 — 2 * 0.38 — 4+ 0.38 


= 10.72 in. > d,(0.38 in.) 


ii) Clear cover over primary reinforcement, 
to the side = 2.5 + 0.38 = 2.88 in. > d, (0.38 in. ) 


to the top = 3 + 0.38 = 3.38 in. > d, (0.38 in.) 


iii) Stirrup criteria satisfied 


2. Development length: 


1 fy 
lg==. PY, 4d 
O20 aff 
1 60,000 


.L;) = —,—_— 1,3 X 1.0 X 0.8 * 0.38 = 21.65 in, = 22 in. 
¢ ~~ 20° 1.0 x ¥3000 


"423." 
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Pb-4. The required reinforcing steel area for the lightweight concrete beam in figure below 
is 2.88 in”. The #8 top bars shown are uncoated. Compute the development length for the 
following cases, if f,’ = 3500 psi and f, = 60,000 psi. [CE-2015; BECM-2018] 


I8 in. 
Sol": rar scorulsal 


A. Basic equation: 


[ain 
1. Cover dimension, Cp: iene | | 
i) One-half the center to center spacing of bars being a ok 26 in. 
developed a “i 


1 
= 5% (4) =2in. 


ii) Distance from the bar center to the nearest concrete surface, 
to the side = 3 in. 
to the top = 3 in. 


= Ch = 2 in, 
2. Transverse reinforcement index, k;,: 


Failure of main bar, n = 4 


Cp + Ker 2+0.275 
ne rr < 
= = 2.275 25 (ok) 


4. Development length: | 
Factors, Y, = 1.3 for top bars 
YW, = 1.0 for uncoated bars 
WY, = 1.0 for #8 bars 
& A = 0.75 for lightweight concrete 
3 ff YY, 


IOI (ath) 


Bond, Anchorage and Development Length 
3 60,000 1.3 x 1.0 x 1.0 


ata ~ 40'09.75 x ¥3500° AY be 


A, (required) 
Revised la = 'a* 4 (provided) 


* 1.0 = 57.95 in. 


= 57.95 aie 82 = 53i 
= . "246 é =~ i 


B. Simplified equation: 


1. Check for simplified equation: 
i) Clear spacing between bars = 4— 1.0 = 3 in.> d,,(1.0 in.) 


ii) Clear cover over primary reinforcement, 
to the side = 3 —— = 2.5 in. > d,(1.0 in.) 


to the top = 3 — = = 2.5 in.> d, (1.0 in.) 


iii) Stirrup criteria satisfied 


2. Development length: 
i fy 


la ~ 20'S pf" 
ee 60,000 
“4  20°0.75 x 73500. 


A, (required) 2.88 
ly *—>— —_——~ = 87.90 « 
A, (provided) 3.16 


Weve Y; = dy 


1.3 x 1.0 x 1.0 * 1.0 = 87.90 in. 


Revised lg = = 81 in. 
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Pb-5. Determine the development length required for the epoxy-coated bars of the beam 
as shown in figure below, for the following cases 


(i) If bars are straight. ar : . al 
(ii) Ifa 180° hook is used. pean b :* be 


(itl) If a 90° hook is used. 
The six #9 bars shown are considered to be top bars. 


Use f," = 3500 psi and f, = 60,000 psi. 
[CE-2014] 

Sol": 

(i) If bars are straight: 

Using basic equation: 


1. Cover dimension, Ch! 


6 #9 


i) One-half the center to center spacing of bars being 
developed 


1 
= 2 x (4.5) = 2.25 in. 


il) Distance from the bar center to the nearest concrete surface, 
to the side = 2.5 in. 
to the top = 2.5 in, 


“Ch = 2.25 in. 
2. Transverse reinforcement index, k,,: Assuming, k,,- = 0 
3. 


ker 2.25+0 
Pe LE eee ey me ey 


4. Development length: 
Factors, ‘Y, = 1.3 for top bars 


Y, = 1.2 for coated bars 
Y, = 1.0 for #9 bars 


& A = 1.0 for normal-weight concrete 


Bond, Anchorage and Development Length 
Ye = 13%*1.2=1.56<1.7 (ok) 
ie a) 
40 1.0 x /4000 1.99 
(ii) If a 180° hook is used: 


Now, l 


Here, ¥, = 1.2 for epoxy-coated hooks. 


0.02%, _ 0.02 x 60,000 x 1.2 eee 
= —=. d, = ——>—_—_———_ + 1.128 = 25.68 = 26 in. 
ae 1.0/4000.. 00 ee 


(iii) If a 90° hook is used: 


Bars with 90° hooks has the same development length, as calculated before. No other 
modifications apply, then 
0.026, _ 0.02 x 60,000 x 1.2 


lan = —— =. dy = * 1.128 = 25.68 ~ 26 in. 
eo adfe 1.0¥4000 


Pb-6. A reinforced concrete column is reinforced with eight No. 10 bars, which should 
extend to the footing. Determine the development length needed for the bars to extend 
down in the footing. Use normal-weight concrete with f.' = 4000 psi and = 
60,000 psi. 

Sol": 


The development length in compression is, 


0.02f, 
bay = Ge dy > Bin. 
Aa fe 
oe fe x a a7 
de \ 1.0V¥4000 


“lage =24,1in.> 8in. = (ok) 


427 


128 AHandbook of Reinforced Concrete Structures (Part-!) 


Pb-7. The beam shown in figure below is reinforced with 5 - #10 bars at en effective depth 
of 16 in. Two of the bars are to be discontinued where no longer needed. No. 3 stirrups are 
used at 6 in. uniform spacing throughout the beam with a cover of 1.5 in. in all sides. 
Use f,’ = 4000 psi and f, = 60,000 psi. Calculate the point where those two bars can 


be discontinued. [CE-2016] 


2No. 10 (No. 32) 
3 No. 10 (No. 32) [2a 


2” clear—y}-— 


Sol": 
Self-weight = =~“ x 150 x 1.2 = 522.5 plf = 0.52k/ft 


Live load (assume 2 kips/ft.) =2X16=3.2k/ft 
Total load, w = 3.72 k/ft 


Reaction in support, R = ~ = —_— = 48.36 kips 


When two bars can be discontinued, 


Asf, _ 2*1.27x 60 
0.85f.b 085x4x22 


a Qa = 


“a 
M, = PAs fy ( ~ =) 
2.04 
+. My = 0.90 x 2 * 1.27 x 60 (16 - ==) = 2054.66 k — in.= 171.22 k — fe 


Now, the moment at any section in the beam at a distance x from the left support is as 


follows, 2 


M=Rr—-U* 
2 


= 171.22 = 48.36x — 
= 171.22 = 48.36x — 1.86x? 


3.72x? 


= 1.86x* — 48.36x + 171.22 =0 


“ xX = 4,23, 21.77 
x = 4.23 ft. from the left support. 


The two discontinued bars must be continued at least d = 16” = 1.33 ft. beyond this 
theoretical point of cutoff. 
-. Actual cutoff or discontinued point = 4.23 — 1.33 = 2.90 ft. from the both support. 
(Ans) 


Pb-8. A cantilever beam carries a calculated dead load of 2.0 kips/ft. including its self- 
weight and a service live load of 2.6 kips/ft. Tensile flexural reinforcement consists of two 
No. 11 bar at a 21 in. effective depth. Transverse No. 3 U-stirrups with 1.5 in. cover are 
provided at the following spacings from the face of the column: 4 in., 3 at 8 in., 5 at 10.5 
in. If the beam uses light-weight concrete having f,’ = 4000 psi and f, = 60,000 psi. 
Check to see if proper development length can be provided for the No. 11 bars. [CE-2013] 


2 No. 11 (No. 36) 


2” clear —-+| }-—- 24" 24" 
a 90"- p eer 96” | 

Sol": 
Dead load = 1.2 X 2.0=2.4k/ft 
Live load = 1.6 x 2.6 = 4.16k/ft 

Total load, w = 6.56 k/ft 

96)" 
wiz 6.56 X (35) 
Moment, M = FD 10 ft 


_Asfy_ _ 2*1.56 x 60 


Here, a= es 0.85X4x 11 
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My, 210 x 12 


——7 = 5x = 2.52 in? 
wfy(d-§) 0.90 x 60(21-F 


A, (required) = 
A, (provided) = 2 * 1.56 = 3.12 in? 


Using simplified equation: 
1. Check for simplified equation: 


i) Clear spacing between bars = 11 —2*1.5—2+*0.38—-2+*1.41 
= 4.42 in. > d,(1.41 in.) 


ii) Clear cover over primary reinforcement, 
to the side = 1.5 + 0.38 = 1.88 in. = d,(1.41 in.) 


to the top = 3 + 0.38 = 3.38 in.> d,(1.41 in.) 
iii) Stirrup criteria satisfied 
2. Development length: 
Factors, ‘Y, = 1.3 for top bars 
YY. = 1.0 for uncoated bars 
Y, = 1.0 for #11 bars 
& A = 0.75 for lightweight concrete 


1 f, 

4= 20° zfqr ete * dy 

l : wath 1.31.0 x 1.0 * 1.41 = 115.93 i 
Z =—_—— eee... < U* 1, = . ‘ 

4 20°0.75 x ¥4000 ue 

A,; (required) 2.52 
. ee pris lari: eadeeerctiaid ne sas ° 

Revised ly = lg "A Cprovited) 115.93 « 312 93.64 = 94 in. 


Provided lg = 20+96-—2-—3 =111in. 
Provided ly > Revised l, 
[Checked & ok] 
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| Appendix A: Necessary Tables 


Table A.1: Designation, diameter and area of standard bars 


Area 
(in?) 


=, 
=e 
= = 
a 
~~ & 
a 
Lew 4 


Bar No. . 
a 
i a 
[oars [060 
25 0.79 


- 


[For finding bar diameter from bar no. to mm (#3 to 10 mm) & 
area by short techniques, follow Appendix B (Table B.1)] 


Table A.2: ACI Coefficients for Design of two-way slab 


A.2.1: Coefficients for negative moments in slabs 


Mat—ve) = Cac—vey * wl,” ; where, w = total uniform dead plus live load (DL+LL) 


i ao or mp se 
. 
. 


Case2 | Case3 | Cased | Cases 
0: 050 | 0.075 


0.092 
0.093 
0,096 


0.097 
0.006 


crasshaiched edge mdicates that the slab continues across, or fixed at the Support; an unmarked 
edge indkates asupportat whKh torsianal resistance 1s negligible. 


ODT4 


D017 


0.0? 


z 0014 
P.O81 
= 

0.084 


0.086 . 
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A.2.2: Coefficients for dead load positive moments in slabs 
Ma+ve)ot = Cac+veynn * wl,” 
Moc+veyor = Caciveynt * wl,” ; where, w = total dead load 


A ClOSSn aL Ched €F Ge indicates that the SiaD CONTINGSS ACIOsS, Gf is fixed at Ihe Support; an unmarked 
edge indicates a supportat wh torsional resistance is negligible. 


A.2.3: Coefficients for live load positive moments in slabs 
Moa(+ve)LL = Cac+ve)LL 7 wlq? 
Mociveyit = Cac+ve)i * wlq? ; where, w = total live load 


| | 


0.032 | 0.026 0.030 
0.035; 0.030 0.028 


0.036 | 0.032 0,032 


D006 | 0.004 


Ht A cCrosshalchadt edge imdicates that the slab continues acrass, of 48 fixed at the Support: an unmarked 
edge ind cates a suppartat which tarsi 
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| Appendix B: Special Short Techniques 


Table B.1: Determination of diameter and area of bars 


Bar dia, dy ="“~* (in.) e.g; Dia. of #3 bar, dy == = 0.375 in. 


Bar dia, d,, =~" » 25.4 (mm) | e.g; Dia. of #3 bar, dy == * 25.4 = 9.53 ~ 10 mm 


Table B.2: When RCC member is to be designed in WSD and when in USD 

dlbitiidae 

1. Directly WSD is said. 
Method is said. 

2. To find allowable working moment. 
strength. 


3. Given, f, & f, value. 3. Given, f, & f,’ value. 


4. Given, allowable working moment. | 4. Given, factored moment. 
5. Given, service live load. 


Table B.3: Strength Reduction Factor of RCC Structures 


Beam forflewre [090 
Beam for shear 
Tied Colum 
Spiral Colum 


Table B.4: Clear Cover & Effective Cover of RCC Structures 


RCC Structures | Clear Cover | Effective Cover 
(cc) (ec) = cc + <b 
sab ore 
2 


: 7 
3” : 
mf 1” 


Foundation | 3" | 8S” 
[Staircase | oe” 


Table B.5: Using of Reinforcement Bar in RCC Structures (normally used) 


RCC Structures Bar Size (No.) Bar Size (mm) 
#6, #7, #8, #9, #10 | 19, 22, 25, 29,32 mm 
13, #4 10,13 mm 
#5, #6, #7, #8 16, 19, 22,25 mm 


10,13, 16 mm 
[884 10,13 mm 


Table C.1: Necessary Unit Conversion 


Lin. = 25.4 mm 
1m = 39.37 in. 
1m = 3.28 ft 
1m = 1.094 yd 

1 mile = 1.61 km 


1 m2 = 10.76 sft 

1 acre = 4046.86 m? 
1 acre = 4840 yd? 

1 Dec = 435.6 sft 

1 Katha = 720 sft 


1 kg = 2.2 lb 
1 lb = 453 gm 
1 ounce = 28.35 gm 


Volume 

1 US gallon = 3.78 litre 
1 m? = 100 litre 

1 cft = 28.32 litre 

1m? = 35.31 cft 
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Appendix C: Necessary Unit Conversion 


1 KN/m? = 20.885 psf 

1 MPa = 1 N/mm? = 145 psi 
1 MPa = 10.197 kg/cm? 

1 tsf = 95.76 kN/m? (kPa) 

1 bar = 14.5 psi 


1kN = 224.8 Ib 
1 ton = 2000 lb = 2 kips 


1kN.m = 0.737 kip — ft 


Steel: 488 lb/ft? = 78 kN/m? 
= 7850 kg/m?® 
Concrete: ‘150 lb/ft? = 24 kN/m? 
= 2400 kg/m? 
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Assalamuyalaikum. 

Dear audience, 

Hopefully, this book will be considered much more useful to you. We have always 
tried our best to keep the book completely flawless. However, if any mistake is 
caught in someone’s eyes, I will be grateful if you inform me according to the 
following rules and we will correct it in the next edition. InshAllah. 


E-mail: jabercekuet@gmail.com; hossain1601 046@stud.kuet.ac.bd 
WhatsA pp: 01833938312 


E-mail or whatsapp message will be sent according to the following rules: 


Book name, Page No, Question No (Theory/Problem), What’s error, Correction. 


Ex: AHRCC-I, Page-28, Question-3 (Problem), n = 7,n = 9. 


Any suggestions on quality improvement except error will be sincerely accepted. 


